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Linde Process Service 


ECENTLY a power shovel 
manufacturer reported how 
Linde Process Service helped per- 
fect a series of complicated flame- 
cutting operations: 


“We started to use oxy-acety- 
lene shape-cutting several years 
ago—at first, only for dipper teeth. 
Later we used it on many other 
parts for which the strength of 
rolled or forged steel was desir- 
able. 





© Pinion gears, connecting links, reach blocks, 
pall levers and dipper teeth are shape-cut from 
strong alloy steels in routine operations. These 
dipper teeth are being accurately formed from 
alloy steel stock. 


“On these parts oxy-acetylene 
cutting proved so profitable that. 
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sections in the Hall of Science at Chicago’s 1934 A Century of Progress Exposition. 








WIDENS USEFULNESS OF 
OXY-ACETYLENE MACHINE CUTTING 


we asked Linde to help us de- 
velop accurate shape-cutting of 
our heaviest parts from slabs and 
ingots. 


“Linde Service Operators as- 
sisted in organizing this heavy 
cutting and advised on preheating 
procedures for special strong al- 
loy steels. They supplied data on 
most efficient oxygen pressures, 
nozzle sizes, and cutting speeds. 


“Now, we have replaced nine 
machines with two shape-cutting 
machines. We are cutting heavy 
steel to tolerances of 1/32-in. and 
less. We shape-cut parts accu- 
rately from steel 20 in. thick. An- 
gle corners and curved cuts are 
simple for us.” 


By translating proved methods 
into terms of actual plant require- 
ments Linde Process Service 
helped organize these shape-cut- 
ting operations for greatest speed, 
economy and dependability. It can 
probably help you in similar work. 
Ask the nearest Linde Sales Of- 


fice to show you how. 
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Buffalo Memphis Seattle 
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Chicago Minneapolis Tulsa 
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Detroit Phoenix A 
El Paso Pittsburgh 1 8 ol 
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Fig. l1—Spot Welding Floor and Wall Sections 


Frameless 
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Fig. 2—Erecting the Chassis of a Frameless Steel House 


Steel 


By MILLS G. CLARK 


+Mr. Mills is President of the Insulated Steel Construc- 


tion Company. 


Product 


RAMELESS steel is a new building material, 
producing in itself a completely enclosed metal 
structural shell or ‘‘chassis,’’ for buildings such as 

residences and service stations, and furnishing light- 
weight curtain walls, floor members and roof decking for 
larger structures. 

Floor and wall sections formed from light-gage steel 
sheets are assembled into large, strong and rigid erection 
units in the shop. In the field these units are rapidly 
and substantially fastened together with sheet metal 
screws. 

Window frames, door frames and electric conduits are 
installed in the wall units complete before delivery to the 
job. 

The ‘‘chassis’’ replaces in conventional wood frame 
construction, joists, studs, rafters, bracing, sheathing, 
window and door frames and interior trim. It is adapt- 
able to all standard interior and exterior finishes, includ- 
ing stucco, brick veneer and wood siding. 


Uses 


Frameless steel is especially adapted for use in resi- 
dence, multi-family house and commercial and industrial 
construction where its many qualities are desired. 

In residences and in most two- or three-story buildings 
it is ‘‘frameless.’’ In higher buildings or buildings of 
unusual ceiling height or floor span, it is used for curtain 
walls, floors and roof decking in conjunction with a light- 
steel frame. Dead loads are reduced by reason of the 
very light weight of the frameless steel structure. When 
used in conjunction with a structural steel frame, the 
frame may be correspondingly lightened. 


Qualities 


This type of construction has the following predomi- 
nant qualities: 


It is unusually strong and rigid, yet light in weight. 

Structures built with these materials are storm and 
lightning safe. 

It is vermin-proof and is not subject to the attack of 
termites. 

When used with standard insulating materials, frame- 
less steel makes fire-safe walls and floors of very high 
insulation value (both heat and sound). 

The time of field erection is materially reduced by the 
use of these materials. 

The finished walls and floors produced with frameless 
steel are thin, giving increased interior areas for the 
same outside dimensions (as compared with standard 
construction). 

The materials are competitive in price with other 
building materials having similar advantages. 





ae 

Fig. 3—Up Comes a Huge Wall Section 11 Ft. Wide by 19 Ft. 6 In. High. 
Six Workman Easily Erected It. Within Just a Few Minutes It ¥ 2 
Fastened in Place 
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Fig. 1—The Dolomite, First All Arc-Welded Steel Freighter, Unloading a Cargo of Sulphur Direct from Boat to Freight Car 





Are Welding in Transportation 


By A. F. DAVIS 


Mr. Davis is Vice-President of The Lincoln Electric 
Company. 


Arc-Welded Freighter Has Successful Season 


eight. 
1 and LYING the Great Lakes in the middle of her first 
season, is the most unusual ship in years, the all- 
ick of welded steel freighter, Dolomiie, of Rochester. 
The ship is semi-submersible, Diesel-engine propelled, 
rame- 214 ft. long, 1700 tons, and built for Great Lakes, barge 
high canal and coastwise service. It is owned by the Dolo- 
mite Products Company and was built under the per- 
wy the sonal direction of John H. Odenbach. 
’ The Dolomite is entirely of steel, electrically welded 
eles throughout. The hull is built of 12-in. channels formed 
* the in U shapes and welded together. There is not a rivet 
adard in the ship. 
Proof of the strength and stability of the ship came in 
_— an unusual test the early part of February. At Albany 


on the Hudson River, the vessel was locked in 14 in. of 
ice. By repeatedly charging the ice jam and then back- 
ing up about 400 yards and heading into the ice again at 
full speed, the vessel was able to break through ap- 
proximately 40 yards of ice at a time. Although it was 
necessary to hit the ice with a terrific impact, no damage 
whatsoever was done to the hull. So thick was the ice 
_— 3'/, days were required to travel approximately five 
miles. 

Early this spring the Dolomite hit a submerged wall 
while traveling 6 miles per hour without even denting the 
, prow. 

The ship is of the semi-submersible type, permitting 
increase in draft when entering the barge canal and thus 
facilitating its passage under low bridges. 


Fig. 2 (upper)—View of Deck of Dolomite—Built of Channels Placed 
Side by Side and Welded in Place 





Fig. 3 (comtar)—=The Unloading Boom Is 85 Ft. Long and Weighs 10 

. ons. It, Too, Was Fabricated by Arc Welding 

. High. 

ie Was 

Fig. 4 lower)—The Dolomite Is 214 Ft. Long, Semi-Submersible, 
Diesel Powered Self-Unloading 
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One of the unusual features of the ship is that she can 
be converted into a tanker within three hours and can 
take on 300,000 gal. of gasoline, fuel oil or other liquids. 
She has fourteen self-cleaning hoppers of approximately 
100 tons capacity each, with seven on each side in mid- 
ship section, all air tight and equipped for loading and 
unloading with dry or liquid cargo. The boat is self- 
unloading. 

The Dolomite recently unloaded its thirteenth cargo, 
sulphur, at Cleveland from where it was scheduled to 
clear for Detroit, then Philadelphia where it will prob- 
ably go direct to Galveston, Texas, for a cargo of gaso- 
line. 

The career of the Dolomite is being watched critically 
by marine architects and shipowners. The construction, 
using channels transverse to the hull arc welded together, 
is different from anything ever attempted. Service to 
date has heen satisfactory even beyond the expectation 
of the builders. 

The ship was designed and built by The Dolomite 
Marine Corporation, Rochester, New York. The boat 
was not built in a shipyard. Practically no tools were 
used other than a crane, an electric winch, an air com- 
pressor, cutting apparatus and seven arc-welding ma- 


chines. The channels were bent cold with home-made 
equipment. All welding was done by the shielded arc 
process. 


Fireless Locomotive Built with Arc-Welded 


Tank 


The first known locomotive to use a fusion-welded 
tank is a new fireless steam locomotive built by the 
Heisler Locomotive Works, Erie, Pa. 

Without boiler or fire-box, the steam locomotive shown 
in Fig. 5 hauls a train of freight cars at rapid speed. 
The secret of the economy and unique advantages of 
this different type of motive power lies in the steam- 
charged arc-welded tank shown in Fig. 6. 





Fig. 5—This 42-Ton Fireless Steam Locomotive Secures Its Energy 


from a Steam-Charged Arc-Welded Tank. It Is the First 
motive Ever Built with a Fusion-Welded Tank 


The tank illustrated is 69 in. in diameter and built 
for a working pressure of 215 lb. It was built by the 
the Struthers-Wells Company, Warren, Pa., using the 
shielded-arc process. Welding and testing were in 


conformance with Class I of the A. S. M. E. Code for 
unfired pressure vessels. 

This tank, which is heavily lagged and jacketed to 
prevent loss of heat, is filled with water to about four- 
fifths of capacity. Then, by a steam pipe run from a 
stationary boiler to a point below the level of the water 
in the tank, the water is heated until the pressure and 
temperature in the locomotive tank are the same as in the 
stationary boiler from which the charge is being taken. 
It is from this heat stored in the water that the loco- 
motive gets its power. For example, the tank on a 60-ton 
fireless locomotive, charged to 200-Ib. pressure, stores 





Fig. 6—Locomotive Tank Welded by the Shielded-Are Process be- 


fore It Was Lagged and Jacketed. Built to Class I 
Unfired Pressure Vessel Code Requirements 


A.S.M.E. 


sufficient energy to run the locomotive by itself over 
straight level track, a distance of about 95 miles, or to 
haul a train of three loaded freight cars weighing 210 
tons a distance of 2i miles or more. 

Riveted tanks used for fireless locomotives in the 
past have been a source of considerable trouble and 
expense, according to Heisler officials. ‘“The rapid 
introduction into such tanks of high pressure and highly 
superheated steam now found in many modern plants, 
causes such rapid expansion of the tank plates as to open 
up the rivet seams. This is a serious matter, as the 
tanks need to be heavily lagged and jacketed, making 
leaks difficult to locate and expensive to repair. Even 
with low-pressure steam a riveted tank has to be very 
carefully fabricated if laying up of the locomotive due to 
leaks is to be avoided.”’ 

Advantages claimed for the fireless locomotive are 
lower initial cost, reduced maintenance, one-man opera- 
tion, longer useful life and 60 per cent to 90 per cent 
greater hauling power. Since there is no smoke or 
fumes, the locomotive may be operated inside buildings. 

Explosions with this type of locomotive are unknown, 
because there is no crown sheet to burn on account ol 
low water, no staybolts to break or flues to fail and 
weaken the boiler. No excessive pressures are possible. 
The simple tank construction enables every stress under 
all conditions to be calculated. This is not possible with 
a fired locomotive, yet the factor of safety specified by 
the A. S. M. E. code is used for fireless tank design. 
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The Nature of the Bond 
in Bronze Welding’ 


By A. A. JACKMAN 


+Mr. Jackman is a student at Massachusetts Institute of 
‘ech y- Report submitted to Fundamental Research 
Committee, A. B. W. 


Introduction 


HE outstanding characteristic of the bronze-weld- 
ing process when compared with other fusion- 
welding processes is that it is carried out at a tem- 

perature considerably below the melting point of the base 
metal. This takes it out of the class of the ordinary type 
of fusion weld. Since there is no fusion of the base metal 
some other factor must be responsible for the strong 
joints which are known to be obtained in bronze welds. 
It is the purpose of this investigation to determine what 
this factor or combination of factors is. The possibili- 
ties which suggest themselves are an intergranular pene- 
tration of the base metal by the bronze or certain of its 
constituent metals, and a tinning effect which is a combi- 
nation of cohesion and surface alloying and may be 
between the base metal and part or all of the constituent 
metals of the bronze. 

Since the bronze is molten for but a short time, it can 
be readily seen that the bond will be confined to a com- 
paratively narrow zone at the junction between the 
bronze and the base metal. For this reason the work 
was centered on this junction zone which was widened in 
order to study it most effectively. 


Previous Work 


The effects which take place in a copper braze were 
found by H. M. Weber'! to be alloying of copper with the 
iron, alloying of iron with the copper, penetration of 
copper along the grain boundaries of the iron and a 
growth of iron grains across the joint. 

While doing some work with bronze-welding rods, G. 
F. Comstock? examined some of the welds microscopi- 
cally and found irregular cracks extending from the weld 
into the steel base metal and filled with bronze. In welds 
made with bronzes containing one per cent phosphorus 
there was also a layer of alloys between the bronze and 
the steel. 

R. Genders’ investigated the penetration of mild steel 
under slight stress at high temperatures by brass, copper, 
zinc, tin and lead-tin solder. He found a rapid inter- 
crystalline penetration by the copper and the brass but 
lound no perceptible action in the case of the other 
metals. 

The penetration and cracking of brass by tin and solder 
were investigated by H. J. Miller* who found the cracking 
to be primarily due to the presence of stress, and that it 
was intercrystalline and similar to the phenomenon of 
season cracking and penetration of mercury at the grain 
boundaries of brass. The stress necessary to cause 
cracking was found to be much higher than that neces- 
sary for cracking to occur in mercury. 


* The material in this paper was taken from a research conducted by Mr. 
Jackman in partial fulfilment of the requirements for the degree of Bachelor 
of Science in Metallurgy at the Siemachneette Institute of Technology, Cam- 
bridge, Massachusetts. 

| For references, see bibliography at end of this paper. 


During a study of the constitution of the iron-tin 
alloys, Edwards and Preece® constructed an equilibrium 
diagram which showed the existence of three compounds 
Fe,Sn which was stable between 760 deg. C. and 900 deg. 
C., FeSn which is stable at all temperatures below 800 
deg. C. and FeSn, which exists below 496 deg. C. 

Bannister and Jones* showed that when liquid tin is 
heated in contact with iron it will alloy with the iron and 
if the temperature is above Ac; there will be a diffusion of 
tin into the iron and a layer of columnar crystals will be 
formed. 

While investigating the effect of the heat of bronze 
welding on cast-iron pipe, A. R. Lytle’ found that the 
bronze seemed to displace or alloy with the phosphide 
eutectic areas since it often penetrated into the iron for a 
distance of about '/2 of an inch, assumed the same shape 
and position as the phosphide eutectic and had a yellow 
color. 

I. T. Hook® investigated the effect of the heat of 
molten bronze on steel and found that molten high- 
strength bronze applied to stress-free steel at the usual 
brazing temperature would not penetrate the steel nor 
cause cracks in it. He also found that the presence of a 
tensile stress of the order of 2000 Ib. per sq. in. in the 
contact surface was sufficient to allow penetration of the 
bronze, thereby causing cracking. Increasing the stress 
increased the rate of penetration and cracking. 


Procedure 


A set of welds was made using three commercial 
bronze-welding rods which are typical of the alloys used 
in this type of welding. The compositions of these 
bronzes are as given below: 








I II Ill 


Copper (per cent) 60.0 59.0 57.0 
Zinc (per cent) 39.25 40 .3-39.0 39.3 
Tin (per cent) 0.75 0.5-1.5 
Iron (per cent) obs 0.2-0.5 


1.5 
Nickel (per cent) — 1? 2.2 








Wrought iron and gray cast iron were used for the base 
metal. Wrought iron was chosen to show the effect of 
the bronze on the practically pure iron and also because 
any intergranular penetration or alloying, especially if 
not very pronounced, would be most noticeable in pure 
iron. Gray cast iron was chosen because one of the most 
familiar applications of the bronze-welding process is the 
joining of gray cast iron. The welds were made with an 
oxyacetylene torch by depositing a bronze bead on the 
base metal as shown in Fig. 1. A */j»-in. welding rod 
and a borax flux were used. In order to insure good 
welds the welding was done by an expert welder from one 
of the large manufacturing companies. The welds were 
cut as shown by the dotted lines in Fig. 1. Sections 
from each weld, six in all, were polished and examined 
microscopically in both the etched and unetched condi- 
tions after which typical specimens were photographed. 
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Fig. 2 Fig. 6 
Nital etch. Nital etch. 
rrr Ne - 


a Fig. 7 
’ Fig. 3 Not etched. 
Nital etch. 50 & 
300 » : 
4 Fig. 8 
Fig. 4 Nital etch. 
Nital etch. 500 x 
300 » : 


Fig. 5 . Fig. e. 
Nital etch. ee * 
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A typical bronze weld as made is shown in Fig. 2. 
The white structureless area at the top of the photo- 
graph is Bronze No. 3, and the base metal is wrought iron. 
The dark areas, some of which show a duplex structure, 
are Slag. There is considerable intergranular penetration 
of the iron by the bronze. The welds made with Bronzes 
Nos. 1 and 2 were identical to thisone. In every case the 
depth of penetration was practically the same regardless 
of which bronze was used. It can also be seen that the 
junction of the bronze with the iron, although quite dis- 
tinct, is continuous with no evidence of weak spots or lack 
of sticking, which indicates that some other factor, such 
as alloying or tinning, is present in addition to the inter- 
granular penetration. 

Another typical bronze weld as made with Bronze No. 
3, using gray cast iron as the base metal, is shown in 
Fig. 3. There is some penetration of the iron by the 
bronze but it is difficult to distinguish between the 
bronze and ferrite in this photomicrograph. There is 
also a grain refinement along the edge of the iron next to 
the bronze. The welds made using Bronzes Nos. 1 and 2 
with gray cast iron were identical to this one. 

Three series of these welds, each made up of one weld 
from each combination of bronze and base metal, were 
then heat treated to widen the band at the junction of the 
bronze and base metal in order to make the intergranular 
penetration more pronounced and also to bring out any 
other effects such as alloying or tinning if present. The 
first two series were heated at temperatures of 820 and 
850 deg. C., respectively. An automatically controlled 
electric muffle furnace was used. The temperatures 
were measured with an iron-constantan thermocouple. 
Each series of welds was brought up to temperature with 
the furnace which was kept at temperature for 6 hrs. 
after which the power was shut off and the welds allowed 
to cool in the furnace. These welds were then polished 
and examined microscopically in both the etched and 
unetched conditions. There was a slight widening of the 
band due to this treatment. The intergranular penetra- 
tion was a little more noticeable and there was some evi- 
dence of alloying at the junction between the iron and 
the bronze. However, the band had not been widened 
as much as desired. 

The third series was heated for 24 hrs. at 900 deg. C., 
which is close to the melting point of the bronzes. Be- 
cause of the temperature used being too high for the 
electric furnace, it was necessary to use an automatically 
controlled gas muffle furnace for this run. The welds 
were brought up to temperature with the furnace and 
were also cooled in the furnace. After this treatment, 
the surfaces of Bronzes Nos. 1 and 2 were somewhat 
fuzzy and an examination showed a porosity at the sur- 
face, but it did not extend more than '/; of the depth 
of the bronze and was probably due to a loss of zinc 
which volatilizes at a relatively low temperature. The 
surface of Bronze No. 3 was darkened slightly but 
showed no evidence of porosity. This was probably due 
to the presence of small amounts of iron and nickel in this 
bronze, both of which raise its melting point. The 
welds were polished and examined in both the etched and 
unetched conditions. 

A weld between Bronze No. 2 and wrought iron after 
being heated at 900 deg. C. for 24 hrs. is shown in Fig. 4. 
This treatment has widened the band at the junction of 
the bronze and iron to an appreciable extent. The inter- 
granular penetration of the iron by the bronze is very 
pronounced and could be seen in the unetched specimen. 
There is also a diffusion of the bronze across the grains 
of the iron by alloying between the iron and the bronze. 
This is shown by the fine dotted structure which was not 
present in the unetched specimen. This weld is typical 


of all the welds made with wrought iron as the base metal 
and given the same treatment, except that in the case of 
Bronze No. 3 the intergranular penetration was not so 
pronounced, and this was probably due to its higher 
melting point. 

A weld between Bronze No. 2 and gray cast iron after 
being heated at 900 deg. C. for 24 hrs. is shown in Fig. 5. 
The white areas are bronze. The fine dark structure is 
due to the graphite flakes being partly broken up. As in 
the case of the similarly heat-treated welds made with 
wrought iron as the base metal, there is a considerable 
widening of the band at the junction of the bronze with 
the iron. The bronze has penetrated into the iron to a 
considerable depth. Due to the low magnification and 
the breaking up of the graphite flakes by the heat treat 
ment, the diffusion of the bronze across the grains of the 
iron by alloying with it is not shown in this photomicro- 
graph, but the same fine dotted structure shown in the 
previous photomicrograph could also be seen in this 
specimen when examined at a higher magnification at 
spots where the graphite flakes were not broken up 
enough to obscure it. This structure is typical of all the 
welds made with gray cast iron as the base metal and 
given the same heat treatment, although the penetration 
was not so great in the case of the weld made with Bronze 
No. 3. This was probably due to its higher melting 
point. 

The results obtained by widening the band at the 
junction of the bronze with the iron by heat treatment, 
showed that two phenomena were present, namely, an 
intergranular penetration of the iron by the bronze, and a 
diffusion of the bronze across the iron by alloying with it. 
Having obtained these results it was decided to see if they 
could be duplicated by another method which consisted 
in soaking specimens of wrought iron and gray cast iron 
in molten bronze. 

A hand-regulated gas-melting furnace was used to melt 
the bronze. This was necessary because the gas muffle 
furnace was not suitable for use at the higher tempera- 
ture. The temperature was measured with a Leeds and 
Northrup optical pyrometer which was sighted on the 
tops of the crucibles. The furnace was first brought up 
to temperature which took about 1'/. hrs. The gas and 
air were then shut off; and three graphite crucibles of 60 
ce. capacity filled, respectively, with small pieces of 
Bronzes Nos. 1, 2 and 3 and a small amount of borax flux 
were lowered into the furnace by means of a pair of tongs. 
The gas and air were then turned on again and the 
bronze melted. In order to make sure of melting all the 
bronze and keeping it molten, it had previously been 
decided to use a temperature of 1000 deg. C. However, 
when this temperature was reached there was a consider- 
able loss of zinc due to volatilization which made it 
necessary to lower the temperature to 975 deg. C. At 
this temperature there was only a very slight loss of zinc. 
As soon as the bronze was molten and the highest tem- 
perature which could be used without losing the zinc by 
volatilization determined, the gas and air were shut off 
and a piece of wrought iron and gray cast iron put in each 
crucible. The preparation of these specimens consisted 
of grinding off the scale, then finishing to obtain a flat but 
slightly roughened surface, dipping in 10 per cent hydro 
chloric acid for final cleaning and finally coating with 
flux by dipping them into a small iron crucible of molten 
borax flux. A cast-iron float was placed on the bronze in 
each crucible to keep the specimens below the surface of 
the bronze which had a higher specific gravity than the 
iron. A layer of borax flux was placed on the surface of 
the bronze in order to prevent oxidation. The gas and 
air were then turned on again and adjusted to maintain 
the temperature of 975 deg. C. The bronze was held at 
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Fig. 10 
Nital etch. 
x 


Fig. ll 
Nital etch. 
50x 


Fig. 12 
Nital etch. 
250 x 


975 deg. C. for 24 hrs, then cooled in the furnace. The 
crucibles were then cut up and the specimens polished 
and examined microscopically in both the etched and 
unetched conditions. Typical specimens were photo- 
graphed. 

A weld between Bronze No. 1 and wrought iron, made 
by soaking the wrought iron in molten bronze at 975 deg. 
C. for 20 hrs. is shown in Fig. 6. The light areas are 
bronze, the black is slag and the gray is an iron-bronze 
alloy formed by a diffusion of the bronze across the 
grains of the iron. The structure of the iron-bronze 
alloy, the intergranular penetration of the iron by the 
bronze and the manner in which the bronze passes around 
the slag particles are all shown quite clearly in this 
photomicrograph. At several spots there was also some 





Fig. 13 
Nital etch. 
2 x 


Fig. 14 
Nital etch. 
100 x 


Fig. 15 
Nital etch. 


00 x 











diffusion of the iron, in the form of an iron-bronze alloy, 
into the bronze such as that shown in Fig. 7. This weld 
is typical of all the welds made by this method with 
wrought iron as the base metal. 

A weld between Bronze No. 3 and gray cast iron, made 
by soaking the cast iron in molten bronze at 975 deg. ©. 
for 20 hrs., is shown in Fig. 7. The specimen was leit 
unetched in order to show more clearly the intergranular 
penetration of the iron by the bronze. The bronze has 
penetrated into the iron to such an extent that it was not 
possible to get it all in the photomicrograph even at the 
low magnification used. There is also a considerable 
diffusion of the iron, in the form of an iron-bronze alloy, 
into the bronze. In several spots in each of the welds 
made with wrought iron as the base metal the diffusion 0! 
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iron into the bronze was just as great as in this specimen. 
Some evidence of diffusion of the bronze across the 
grains of the iron is shown in this photomicrograph but it 
is not very clear due to the low magnification at which the 
photomicrograph was taken. After etching with nital, 
the small islands of the iron-bronze alloy which have 
diffused into the bronze showed a structure similar to 
that of Fig. 6. 

A weld between Bronze No. 2 and gray cast iron, made 
by soaking the iron in molten bronze at 975 deg. C. for 
20 hrs., is shown in Fig. 8. The penetration of the 
bronze into the iron both at the grain boundaries and 
along the graphite flakes is shown very clearly in this 
photomicrograph. The diffusion of the bronze across 
the grains of the iron by alloying with it is also shown 
quite clearly. In many places the bronze has pene- 
trated into the iron either at the grain boundaries or at a 
graphite flake and has diffused across the grains of the 
iron from that point. 

The widening of the band at the junction of the iron 
and the bronze by heat treatment and also by soaking the 
iron in molten bronze showed very definitely that there 
was a diffusion of the bronze across the grains of the iron 
by alloying with it and an intergranular penetration of 
the iron by the bronze, and in the case of the gray cast 
iron a penetration by the bronze along the graphite 
flakes. The specimens which had been soaked in molten 
bronze also showed a diffusion of the iron, in the form of 
an iron-bronze alloy, into the bronze. This was due to 
the long soaking period. 

Having found these phenomena to be present, it was 
next necessary to determine whether they were produced 
by the bronze as a whole or only by certain of its con- 
stituent metals. To settle this point, specimens of 
wrought iron and gray cast iron were soaked in commer- 
cially pure, molten copper, zinc and tin. In the case of 
the copper it was necessary to use the same gas-melting 
furnace as used when soaking the iron in molten bronze. 
Exactly the same procedure, including the preparation 
of the specimens, was followed as with the bronze except 
that the temperature used was 1150 deg. C. The speci- 
mens were held at temperature for 20 hrs. and cooled in 
the furnace. 

A weld between copper and gray cast iron, made by 
soaking the iron in molten copper at 1150 deg. C. for 20 
hrs., is shown in Fig. 9. The white is copper. The dark 
is an iron-copper alloy. The etch which this specimen 
received was deep enough to darken the iron-copper alloy 
as shown in the photomicrograph, but it was not deep 
enough to show the structure of the iron. The copper 
has penetrated into the iron at the grain boundaries and 
has also diffused across the grains of the iron by alloying 
with it. The structure of the iron-copper alloy is not 
shown clearly in this photomicrograph due to the low 
magnification at which it was taken. There is also a 
diffusion of the iron, in the form of an iron-copper alloy, 
into the copper. The same diffusion and intergranular 
penetration were present in the welds between copper and 
wrought iron which were made by the same method. 

The same weld at a higher magnification is shown in 
Fig. 10. The white is copper. The dark is the iron- 
copper alloy. The intergranular penetration of the iron 
by the copper and the structure of the iron-copper alloy 
formed by the diffusion of copper across the grains of the 
iron, are shown very clearly in this photomicrograph. 

An automatically controlled electric muffle furnace 
was used for the zinc run. The specimens were prepared 
in the same manner as those soaked in molten copper. 
The temperature used was 550 deg. C. and the specimens 


Were kept at temperatures for 6 hrs. then cooled in the 
furnace. 


A weld between zinc and gray cast iron, made by soak- 
ing the iron in molten zine at 550 deg. C. for 6 hrs., is 
shown in Fig. 11. The light area just below the gray 
cast iron is an iron-zinc alloy. The fine structure below 
it consists of islands of an iron-zinc alloy in a zinc matrix. 
The manner in which the graphite flakes in the gray iron 
extend into the iron-zinc alloy show that there has been a 
diffusion of the iron into the zinc. Any intergranular 
penetration of the iron by the zinc which may be present 
is obscured by the structure of the cast iron. The welds 
between zinc and wrought iron made by the same method 
showed the same alloying as this one and when examined 
at a higher magnification showed the same needle- 
like intergranular penetration as that shown in Fig. 
13. 

The procedure in the run in which the specimens were 
soaked in molten tin was slightly different from that of 
the runs with copper and zinc. An automatically con- 
trolled electric muffle furnace was used. The tin was 
first melted in the furnace then removed from it. The 
specimens, which had been ground to remove any film, 
scale or rust, were dipped into a small iron crucible con- 
taining a thin paste of zinc chloride and water then 
dipped into the molten tin. In this way the specimens 
were tinned very successfully. After tinning, the speci- 
mens were placed in the molten tin which was put back 
into the furnace and kept at 425 deg. C. for 7 hrs. then 
cooled in the furnace. 

A weld between tin and gray cast iron, made by soak- 
ing the iron in molten tin at 425 deg. C. for 7 hrs., is 
shown in Fig. 12. There is considerable alloying be- 
tween the iron and the tin. The manner in which some 
of the graphite flakes in the iron extend into the iron-tin 
alloy shows that there is a diffusion of iron into the tin. 
Any intergranular penetration which may be present is 
obscured by the structure of the iron. The welds be- 
tween tin and wrought iron made by the same method 
showed the same alloying as this one and when examined 
at a higher magnification showed the needle-like inter- 
granular penetration shown in Fig. 13. 

A weld between tin and wrought iron, made by soaking 
the iron in molten tin for 7 hrs., is shown in Fig. 13. 
This photomicrograph was taken at a spot in the wrought 
iron next to the junction between the iron and the tin. 
The small needle-like structure at the grain boundaries is 
tin or an iron-tin alloy which has penetrated into the iron. 
This same type of penetration was found in the weld 
made by soaking wrought iron in molten zinc, only in that 
case it was zinc or an iron-zine alloy which penetrated 
into the iron. 

To determine whether or not there was any penetration 
of the iron by nickel, which is one of the component 
metals of Bronze No. 3, a piece of nickel-clad steel was 
heated at 1200 deg. C. for 6 hrs. 

The specimen of nickel-clad steel before being heat 
treated is shown in Fig. 14. The dark at the bottom is 
steel, and the light area at the top showing the twinned 
structure is nickel. Between them there is a narrow 
zone which is undoubtedly an iron-nickel alloy. 

The same specimen after being heated at 1200 deg. C. 
for 6 hrs. is shown in Fig. 15. The light structureless 
area at the top is an iron-nickel alloy. The gray 
needle-like structure is martensite, and the light struc- 
tureless areas mixed with it are austenite which was 
produced by a diffusion of nickel into the steel, thus 
producing an austenitic nickel steel. When examined 
over a wider section than shown in the photomicrograph, 
this specimen showed a gradual transition from the mix- 
ture of austenite and martensite to a structure which 
was entirely sorbitic. The dark areas are holes and are 
due to the heat treatment. 
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DISCUSSION 


The bronze welds which were made by depositing a 
bronze bead on wrought iron and gray cast iron showed 
an intergranular penetration of the iron by the bronze. 
About the same depth of penetration was obtained with 
each bronze. The junction of the bronze with the iron, 
although quite distinct, was continuous with no evidence 
of weak spots or lack of sticking, which indicated that 
some other factor, such as alloying or tinning, must be 
present in addition to the intergranular penetration, 
since the penetration by the bronze at the grain bounda- 
ries would not account for the tight and continuous joint 
along the edges of the grains. After widening the zone 
at the junction of the bronze with the iron, the inter- 
granular penetration was much more pronounced and a 
diffusion of the bronze across the grains of the iron by 
alloying with it was shown by the presence of a fine dotted 
structure at the edge of the iron next to the bronze. 
This fine dotted structure did not show in the unetched 
specimens but upon etching with 1 per cent nital the fine 
dots appeared quite readily, being attacked more easily 
than the rest of the specimen. 

The specimens of wrought iron and gray cast iron 
which were soaked in molten bronze to obtain a wide 
band at the junction of the bronze with the iron showed 
an intergranular penetration of the iron by the bronze, 
a diffusion of bronze across the grains of the iron by 
alloying, a penetration of bronze into the iron at the 
graphite flakes in the gray cast iron and at the slag 
particles in the wrought iron and a diffusion of an iron- 
bronze alloy into the bronze. This last diffusion seemed 
to take place in small bites as though the iron were 
breaking up, and was undoubtedly due to the long soak- 
ing period at the high temperature. It was considerably 
greater in some places than in others. Upon etching, the 
small islands which had diffused into the bronze were 
shown to be an alloy of iron with the metals of the 
bronze rather than iron alone. Although there was also 
some evidence of a diffusion of iron, as such into the 
bronze, it was so obscured by the diffusion of the alloy 
that no conclusions could be based upon it. 

The wrought-iron and gray cast-iron specimens which 
were soaked in commercially pure, molten copper, zinc 
and tin showed an intergranular penetration of the iron 
by the metal in which it was soaked, a diffusion of the 
molten metal into the iron, and a diffusion of the iron 
into the molten metal. The diffusion of the iron into the 
commercially pure metal was shown by the manner in 
which the graphite flakes in the gray cast iron, and the 
slag particles in the wrought iron, extended into the alloy 
of the metal with the iron. It was an even diffusion and 
apparently took place at the same time the metal was 
diffusing into the iron, thus producing a two-way diffu- 
sion and forming a layer of an alloy of iron with the metal 
in which it was soaked. In every case there was a reac- 
tion between the iron and the pure metal. When the 
specimens were dipped into each of the pure metals, they 
were quickly coated with them thus showing a strong 
affinity between the iron and the pure metal, from which 
it is to be expected that they would alloy quite readily. 

Before being heat treated, the nickel-clad steel showed, 
between the steel and the nickel, a narrow but very 
distinct layer of what was undoubtedly an iron-nickel 
alloy which was probably formed by a two-way diffusion 
between the iron and the nickel since it is well known that 
iron and nickel alloy very easily. After being heat 
treated, this specimen showed a considerable increase in 
the amount of the iron-nickel alloy at the junction of the 
iron with the nickel, and a diffusion of nickel into the 
steel was shown by the presence of a mixture of austenite 
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and martensite at the junction zone and the gradual 
transition to a troostitic then sorbitic structure as the 
specimen was examined back from the junction zone. 
The line of demarkation between the iron-nickel alloy 
and the steel was also more uneven and less distinct than 
before the specimen was heat treated. This, together 
with the reasons previously mentioned, indicates that 
there is a two-way diffusion between the iron and the 
nickel. 

The bronze which was present at the grain boundaries 
of the iron may have penetrated into it at the grain 
boundaries directly, or it may have first diffused into the 
iron then segregated at the grain boundaries. This 
penetration can account for a part of the high strength 
obtained in bronze welds, but since it is not continuous 
and, thus, cannot account for the continuous joint along 
the edges of the grains, some other factor must also be 
present. The presence of the bronze around the slag 
areas in the wrought iron and around the graphite parti- 
cles in the gray cast iron was probably due to capillary 
action. 

The diffusion of an iron-bronze alloy into the bronze, 
such as obtained in the welds made by soaking the iron 
specimens in molten bronze, can be discarded as not being 
of any importance in regard to the nature of the bond. 
It was non-uniform and there were places where it was 
almost absent while at other places it was very marked. 
Since it was an iron-bronze alloy which was diffusing into 
the bronze, it can be seen that it would be necessary to 
have the iron in contact with the liquid metal for a certain 
minimum length of time before any appreciable diffusion 
of the alloy into the liquid metal could occur. Since in 
the bronze-welding process, the base metal is in contact 
with liquid bronze for only a very short while, it seems 
highly improbable that there would be any appreciable 
diffusion of an iron-bronze alloy into the molten bronze. 

The diffusion of the bronze across the grains of the iron 
by alloying with it is due to the affinity of the iron for 
each of the metals of which the bronze is composed. 
When the bronze comes into contact with the iron, it 
alloys with it quite readily as shown by the way 
which the iron is tinned or wet by the bronze. As the 
alloying continues, there is a gradual diffusion of the 
bronze across the grains of the iron. The greater the 
length of time the molten bronze is held in contact with 
the iron, the greater the depth of diffusion will be. This 
diffusion was continuous along the junction of the bronze 
with the iron and was quite uniform in depth. Slight 
differences in the depth of penetration are to be expected 
since the rate of diffusion of one metal into another de- 
pends upon many factors such as surface conditions, 
temperature, etc. However, it is not the purpose of this 
paper to discuss the various laws governing the rates of 
diffusion of metals. 

The runs made with the component metals of the 
bronzes showed a diffusion of iron into each of the metals. 
On the basis of the work done and the results obtained, it 
would be difficult to compare the magnitude of this 
diffusion with that of the bronze into the iron. How- 
ever, since the melting point of the iron is considerably 
higher than that of the bronze and since in the actual 
bronze-welding process the iron is solid while the bronze 1s 
liquid and, thus, the bronze atoms are more mobile than 
the iron atoms, it seems quite likely that there would be a 
greater diffusion of bronze into the iron than iron into the 
bronze. The important fact is that a certain amount of 
alloying takes place between the bronze and the iron. 
It is this slight amount of surface alloying between the 
filler metal and the base metal which accounts for most 
of the strength of the bond in bronze welding. 
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Conclusions 


The bond in bronze welding is due to two phenomena: 

1. An intergranular penetration of the base metal by 
the bronze. This penetration is by all the component 
metals of the bronze and not by any one of them alone. 
Upon solidifying, the bronze is retained in the position to 
which it has penetrated and forms a series of linkages 
with the base metal. The fact that the grain boundaries 
are irregular makes these linkages even stronger. How- 
ever, since this penetration is intergranular and, there- 
fore, not continuous, it can be responsible for only a part 
of the high strength which is obtained in bronze welds. 

2. A small amount of surface alloying between the 
bronze and the base metal. As with the intergranular 
penetration, this alloying is by all the component metals 
of the bronze rather than by any one of them alone. It 
is continuous along the junction of the bronze with the 
base metal, and also takes place from the grain bounda- 
ries, graphite flakes and slag particles along which the 
It is this 


surface alloying which accounts for most of the high 
strength obtained in bronze welding. 


Acknowledgment 


The author wishes to thank The Linde Air Products 
Company for its assistance in making the welds and 
Professor J. P. Walsted for his assistance in conducting 
the research. He also wishes to thank the Massachu- 
setts Institute of Technology for permission to publish 
this work. 

Bibliography 


1H. M. Webber, “Copper Brazing in Hydrogen Electric Furnaces,"’ Trans 
Am. Soc. for Steel Treating, 18, 1144 (1930). 

2 G. F. Comstock, “Bronze-Steel Weld,”’ Jron Age, 112, 1381 (1923) 

+R. Genders, ““The Penetration of Mild Steel by Brazing Solder and Other 
Metals,”’ J. Inst. Metals, Advance Copy No. 430, 1927 

4H. J. Miller, “The Penetration of Brass by Tin and Solder,” J. Inst 
Metals, Advance Copy No. 425, 1927. 

’ C. A. Edwards and A. Preece, “A Study of the Constitution of the Iron- 
Tin Alloys,” J. Iron and Steel Inst., 124, 41 (1931). 

*C. O. Bannister and W. D. Jones, “The Diffusion of Tin into Iron with 
Special Reference to the Formation of Columnar Crystals," /. Jron and Steel 
Inst., 124, 71 (1931). 

7A. R. Lytle, “The Effect of the Heat of Bronze Welding on Cast Iron 
Pipe,” Proc. Intl. Acetylene Assoc., Twenty-sixth convention, 1925, p. 142 

81. T. Hook, “Effect of Molten Bronze on Steel,” Proc. of Intl. Acetylene 
Assoc., Twenty-ninth convention, 1928, p. 114. 





New Resistance Welding 
Electrode Alloys 


By J. J. KELLY 


+Mr. Kelly is connected with Electroloy Company, Inc. 


URING the past eight to ten years, extensive 
experiments have been conducted to improve 
on pure copper as a resistance welding electrode. 

Due to the high production requirements in the auto- 
motive industry, particularly where high current den- 
sities and heavy pressures are required, materials of 
good electrical conductivity and high compressive 
strength are required. 

A large percentage of the alloys now used, having the 
necessary hardness to resist the mechanical pressure, 
must necessarily sacrifice conductivity. In some cases 
12% conductivity is the most that can be obtained, 
and, therefore, is not entirely satisfactory. Some of 
the harder alloys disintegrate from continuous heating, 
or crack up due to the brittleness of the alloy. The 
alloys having suitable conductivity to overcome the 
excessive heating, sacrifice the hardness and in con- 
tinuous service are crushed out of shape and require 
considerable attention and re-machining. 

Some of the foregoing alloys are decidedly more ex- 
pensive than copper, and consequently impractical in a 
great many instances. 

The recent development in the electrode and facing 
material field for resistance welding is a patented 
copper alloy having various percentages of beryllium, 
depending on the necessary conductivity and hardness 
required for the particular application on which it is to 
be used. As the characteristics of beryllium copper 

















Projection Welding Electrodes 


alloys have the properties of being heat treatable, the 
dies and facings may be machined or formed into the 
desired shapes prior to the hardening operation, thereby 
reducing machining costs. 

With the use of this material as a facing for resistance 
welding electrodes and dies, it has successfully been at- 
tached to various backing materials by the use of silver 
brazing, carbon arc welding and mechanical means. 
The above photograph illustrates the beryllium copper, 
used as an insert in a set of projection welding dies, 
being attached to the backing material by the carbon 
arc-welding process. 

This method has been found most practical, as the 
insert can be heat-treated to its maximum hardness and 
conductivity prior to being attached to the backing 
material and maintain the same hardness and conduc- 
tivity after the arc welding has been accomplished. 
It has been found that the beryllium copper used in its 
heat-treated state has prolonged the life of electrodes 
and dies twenty to thirty times longer than that of 
copper. Dies and electrodes formed from this alloy 
are being used successfully at the present time on all 
types of resistance welding equipment. It has also 
made the welding of non-ferrous metals more practical. 
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FROM ABROAD 


Note: There follows extracts from the Polish and Austra- 
lian Specifications and Codes relating to Structural Welding. 








New Polish Regu- 
lations Concerning 


Steel-Welded 


Constructions 


+This information was furnished through the courtesy 
of Stefan Bryla, Professor of the Technical College in 
Lwow, Poland. 


Part 1. General Principles and 
‘Part 2. The Welding Design 


Epiror’s Note: These are general in character; 
permit all processes of welding. There is one item in 
which the Ministry of Interior may allow, in particular 
cases, deviations from the rules, providing adequate tests 
are furnished. 


Part 3. Statical Calculation 


1. Following admissible stresses should be applied 
when calculating welded joints: 
For tension, compression and flexure — 1000 kg./cm.? 
For shearing in fillets in parallel shear and in fillet welds: 


Dimensions of joints, mm. 5x5 6x6 8x8 10x 10 
Admissible stresses, kg./em. 350 400 480 550 
12x12 14x14 16x16 18x18 20x 20 
600 650 700 750 800 


For flanged edge welds the above figures should be 
increased by 10%. 

2. If butt and fillet welds are used in a welded joint, the 
admissible stresses to be used are those for fillet welds. 
In overhead welds the admissible stresses should be 
reduced by 25% if the results of tests do not allow the 
use of higher stresses. 

In fillet welds executed in an angle smaller than 60° the 
admissible stress should be reduced by 25%. Welds, the 
quality of which is questionable, should be left out of the 
calculation. 

If the results of shearing tests, executed according to 
Part 6, Par. 2, are higher than those foreseen in Part 3, 
Par. 1, the admissible stresses should be increased in 
the same proportion. 

3. The transverse dimension of the weld should be 
as follows: 

(a) For butt welds—the thickness of elements to be 
joined, in case of two elements of different thickness— 
the smaller one is to be chosen. 

(6) For butt welds—the height of the dotted isos- 
celes rectangular triangle s’ = 0.7s (Figs. 1 and 2). 





(c) For slot welds executed according to Fig. 3a—the 
height of the isosceles rectangular triangle s’ = 0.7s. 

(d) For slot welds executed according to Fig. 3)—the 
minimal thickness of the weld in either direction. 

4. When calculating the weld’s length—the crater 
should be left out. In slot welds the length of the slot 
should be considered equal to the length of the weld. 

5. When calculating stresses in welds subject to 
shearing—the formula P = iw kg. should be applied 
with P being the force transmitted by the welds (in kg.), 
l being the weld’s length after deduction of craters 
and w being the admissible stress in a weld (in kg.) cm. 

6. The weakening of a section by assembly holes 
should be taken into consideration when calculating the 
welding project. 


Part 4. Principles of Welding Design 


1. The design of a steel-welded construction should 
be strictly adapted to the requirements of the welding 
technique. This may be obtained by an adequate 
choice of rod and girder sections, of connecting elements 
and of methods of joining. An adequate order in the 
successive execution of welded joints should be also 
indicated. In special cases the direction in which the 
weld should be applied is to be indicated, as well as the 
simultaneous welding of symmetric profiles by two or 
four welders. 

2. Welds should be arranged so as to avoid torsional 
stresses under the influence of external forces. 

3. In welded joints consisting of asymmetric profiles 
welds should be arranged in a way allowing the gravity 
center of the welds to correspond to the gravity centers 
of the joined rods. In cases when this cannot be ob- 
tained, supplementary stresses, resulting thus, should be 
calculated. 

4. The minimal length of a weld should be 40 mm., 
after deducting the craters; as a rule the length of the 
crater is to be considered equal to the thickness of the 
welds. 

Clear distances between intermittent welds should not 
exceed the 15-fold thickness of the thinner part of the 
joint or the 4-fold length of the weld. 

5. Butt welds should be executed according to the 
following rules: 

(a) Plates and steel profiles thinner than 4 mm. 
generally do not require beveling. 

(6) For thicknesses exceeding 4 mm. beveling is 
necessary. 

It is not necessary to bevel the whole depth of the 
plate. One to three mm. may remain unbeveled, as 
shown on Figs. 4 and 5 for V and X bevels. The bevel- 
ing angle should amount to 60° to 80°. The distance 
between the joined elements in the narrowest place should 
amount to 1-3 cm., depending upon their thickness. 
The distance between the edges is particularly impor- 
tant in acetylene welding. 

It is recommended not to design fillet welds in angles 
inferior to 45°. 

In slot welds, the width of the slot should be at least 
equal to the 1.5-fold thickness of the plate if the edges 
are not beveled or should amount to 10 mm. in beveled 
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slots. The minimum clear distance in transverse 
direction of the slot should be equal to the triple thick- 
ness of the weld. 

Slot welds should always be applied when the relation 
between the width of the gusset or rod and the thickness 
of same exceeds 25. 

Care should be taken, when designing welds, to provide 
an easy access to them, so as to enable the welder to 
execute the work as well as possible. 


Part 5. The Staff and Welding Equipment 


Eprror’s Note: Requires work by reliable contrac- 
tors, trained welders and under the supervision of a 
specialist. 


Part 6. Materials for Welding 


|. Structural steel conforming to the regulations of 
the Ministry of Public Works of June 18, 1929 is con- 
sidered the principal material for welded constructions. 


High-grade structural steel may be used for welded 
constructions after having been proved that it is suitable 
for welding. 

2. The quality of welding material should be deter- 
mined by means of (a) breaking tests, (b) bending tests 
and (c) shearing tests. 

(a) Breaking tests—Two plates 10-12 mm. thick, 
150 mm. wide and 150 mm. long are beveled to about 
60-80 deg. and welded on V butt joint (Fig. 6). The 
plates are cut then into 5 strips. The outer strips are 
discarded, three inner strips, 30-35 mm. wide, are ma- 
chined in the middle so as toobtain a 8 x 25-mm. section, 
50 mm. long. These three strips are tested for tension. 
The breaking stress should be at least 3700 kg./cm.? 

(6) Bending tests—The test pieces are prepared in 
the same way as for breaking tests, according to Part 6, 
Par. 2a, the difference being that they are not worked 
out in the middle. Their edges are being rounded on 
the wider side of the welds and the bottom of the weld 
has to be slightly evened. The test pieces are tested 
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for bending a¢cording to one of the following methods: 
oh In horizontal position, in conditions shown on 
ig. 8. 

(bb) In vertical position, according to Fig. 9. In this 
case the test pieces should be previously bent in a jig or 
according to Fig. 10. The test pieces should be bent 
until the appearance of the first crack. The bending 
angle should be at least 60 deg. 

(c) Shearing tests—(aa) Shearing tests for fillets in 
parallel shear. The test pieces are made of gussets and 
plate-sections, according to Column I. The welds’ 
dimensions are given in Column II. The shearing stress 
of the welds should amount at least to &.. 








Dimensions Dimensions Shearing 
of Plates, of welds, Force, Strength, 
Mm. g x b $Sxs S/t k, in Kg./Cm. 
8 x 50 6x6 28.0 1400 
12 x 50 10 x 10 36.0 1800 
16 x 50 16 x 16 48.0 2400 








The dimensions of plate }’, g’ should be chosen so as 
to transfer easily the force S. 

3 X 3 = 9 tests should be executed. Craters should be 
left out of the calculation. 

(cc) Shearing tests for fillet in normal shear. (Fig. 
12.) 

The test pieces are made from plates joined with 
gussets by means of welds, quoted below in Column II. 


The shearing stress of the welds should amount at least 
to k.. 








Dimensionsof Platesin Mm., Dimensions __ Force, Shearing 
Outer Plates Inner Plates of Welds S/t. Strength 
gxb g’x bd’ 
6 x 50 10 x 60 6x6 16.0 1600 
10 x 50 15 x 70 10 x 10 21.0 2000 
16 x 50 20 x 80 16 x 16 28.0 2800 








3 X 3 = 9 tests should be made. 

3. The results of tests can be 15% lower than those 
required by the regulations and in such case the corre- 
sponding admissible stresses should be reduced in the 
same proportion. 

4. The average results should be used—the lowest 
result, however, should not amount to less than 90% of 
the average value, or of the value required by these 
regulations. 

5. The welding rods should be free from rust, ash or 
dirt. 

6. The welding rods should prove good weldability, 
melt smoothly and evenly without showing any unde- 
sirable qualities. 

7. In electric arc welding the welding rods should be 
covered with a protecting coating. The use of uncoated 
welding rods is allowed if these rods have been submitted 
successfully to all tests quoted in Part 6, Par. 2. 

8. The Ministry of Interior can allow the use of 
welding rods manufactured by reliable firms and tested 
already according to the above regulations, without test- 
ing them each time. 


Part 7. Preparation to Welding 


1. All structural elements should be carefully marked 
out and cut to the right measure. 
2. Spots where shop-welds or field-welds will be ap- 


plied should be marked in the shop on every particular 
part of the structure. 

3. In case of beveling by means of oxygen cutting 
the beveled surface should be mechanically cleaned if it 
has to be electrically welded. 

4. The surface of plates to be welded should be well 
cleaned from rust, paint and ash on a distance sufficiently 
large to prevent impurities to penetrate into the weld. 
If electrical welding is applied—the surface should be 
cleaned till the metal is shining. 

5. Ifa coating of pure linseed oil (without paint) has 
been applied on the clean metal, it is not necessary to 
remove this coating. 


Part 8. Welding Implements 


Vises, nippers, jigs and other similar tools can be used 
for fixing the edges of elements to be welded, but only 
in a way excluding any possibility of additional stresses 
in the weld. 


Part 9. Execution of Welds 


1. Welds should be executed according to the most 
adequate methods and according to the position of the 
welds. The producing power of the welding torch and 
of the arc should be adapted to the thickness of elements 
to be welded, according to technical data. The welded 
edges should be melted thoroughly in the whole depth of 
the grove, simultaneously with the welding rod. 

2. Care should be taken, when elements placed under 
an angle to one another are welded together, that the 
weld penetrates into the very depth of the angle created 
by the welded surfaces. 

3. Each weld should be even, clean and without traces 
of pores and burned spots; generally it should possess all 
external signs which characterize a well executed weld. 

4. The contractor is entitled to use tack welds in 
order to avoid displacement of elements during the weld- 
ing process. Tack welds should be as short as possible. 
If they are put on a spot where later on a normal weld 
is to be applied, they should be removed before the 
application of the normal weld. 

5. It is forbidden to use tack welds for another pur- 
pose than foreseen in Part 9, Par. 4. By no means can 
the tack welds by used as support for scaffolding. 

6. Asa rule a weld should be slightly convex. 

7. Poorly executed welds should be removed and 
rewelded. Before applying a new weld the old one 
should be cut out carefully with a sharp chisel or a torch. 

8. Incase of an interruption in the welding process— 
when starting the welding again—care should be taken 
to obtain a thorough melting of material on the whole 
surface of contact with the material applied previously. 

9. In arc welding of several layers—before starting 
to superpose the next layer—the previous layer should 
be carefully cleaned till the metal is shining and sound. 

10. Painting of welds is allowed only after the ac- 
ceptance of the structure by the building authorities. 
Before such an acceptance only a coating of pure rust- 
preventive linseed oil is allowed (compare Part 7, Par. 6). 

11. The welder’s work should be well protected at a 
temperature lower than 0 deg. A sufficient protection 
from snow, rain and wind should be also assured. 


Part 10. The Welding Diary 


1. A special Welding Diary referring only to the 
execution of weids should be kept during the execution 
of the welded structure independently of the Field Diary. 

2. The Welding Diary should include the general 
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plan of the welded construction together with the statical 
calculation. 

3. Eventual changes in the construction should be 
also entered, together with an adequate motivation into 
the Welding Diary, and be signed by the foreman and the 
contractor. All changes should be also entered into the 
plan of the welded construction. 

4. All welds executed are entered into the Welding 
Diary in relation to the general plan and together with 
the date of execution and the name of the welder in 
charge of each particular weld. 

5. The executive in charge of supervision of the con- 
struction is obliged to enter into the Welding Diary all 
mistakes in the execution, all orders of removal of poorly 
executed welds and all inaccuracies and differences 
between the original plan and the executed welds. 

6. The state of weather should be also put down in 


the Welding Diary if it has an influence on the welding 
process, e.g., rain (snow) and wind (strong or weak), 
low temperature, etc. 


Part 11. The Control and Acceptance of Welding 
Work 


Epitor’s Note: A number of paragraphs relate to 
the control, examination of the material, inspection of 
the work and maintenance of the Welding Diary. 


Part 12. Welders’ Tests 


Epitor’s Note: One of the paragraphs requires that 
the welders shall be tested every six months and every 
time when entering a new building job at the request of 
the supervisor. 





Australian Rules for 
the Design and 
Construction of 


Metal Are Welding 
in Steel Buildings 


HIS code was prepared by the Special Committee 
on Welding and published by the Standards 
Association of Australia. 


I. General 


Epitor’s Note: The rules of the code are intended 
to apply to the design and construction by metal arc 
welding of steel buildings and to the repair and alteration 
of existing buildings. 


II. Supervisors and Welders 


EpiTor’s Nore: This section fixes the responsibility 
on the builder and requires engineering supervision, 
welding supervision and qualified welders. 


Ill. Parent Material and IV. Welding Material 
Epitor’s Note: These must comply with the 
Australian Standards. 
V. Details of Welding 


Butt Welds 


6. Butt Weld Requirements.—Butt welds shall con- 
form to the following requirements: 


(2) Method of Specification of Butt Welds.—Butt 
welds shall be specified by the thickness of plate to be 
welded or by the cross-sectional dimensions of the sec- 
tions to be welded, and as: 


(i) ‘Plain’ butt welds or 
(ii) “Single V” butt welds (Fig. 1), 
(iii) ‘‘Double V’’ butt welds (Fig. 2). 


(b) Accessibility of, and Penetration in, Butt Welds.— 
All sections to be butt welded shall be prepared in such a 
manner that proper access for welding is provided and 
satisfactory penetration on the whole of the surfaces to 
be welded can be obtained. 


(c) Preparation of Plate Edges for Butt Welds.— 
Edges of plates to be butt welded shall be prepared as 
follows: 


(i) For plates under */,, in. thickness no prepara- 
tion shall be required, that is, a plain butt weld 
may be used. 

(ii) For plates of */;. in. thickness and over, the edges 
shall be prepared by beveling to form a single V- 
or double V-joint (see Figs. 1 and 2). 

(iii) Where access permits, plates above '/2 in. thick- 
ness shall be prepared preferably by beveling to 
form a double V-joint (see Fig. 2). 

(iv) The included angle between the bevels shall be 
made not less than 70 deg. (see Figs. 1 and 2). 

(v) Where it is possible to bevel the edge of one plate 
only the angle of bevel shall be not less than 45 
deg., and the edges of the plates shall be spaced 
apart a clear distance of at least '/, in. (see Fig. 
9). 

(vi) Sections of different thickness to be butt welded 
with surfaces '/, in. or more out of line shall 
have the thicker section beveled off so that the 
surface from one section to the other shall have 
a taper of not more than 1 in 5 (see Fig. 10). 


(d) Single V-Butt Welds.—Single V-butt welds shall 
be reinforced by depositing a run of weld metal on the 
back of the V after removing any slag deposited on the 
back of the plates by the first run in the V. Where this 
is impossible there shall be a reduction of 50% in the 
working stress on the weld metal, and the weld shall not 
be allowed to carry bending moment having a component 
about the longitudinal axis of the weld. (See Figs. 3 
and 5.) Where single V-butt welds cannot be reinforced 
on the back of the V on account of other sections in con- 
tact with the plate to be welded, the latter shall be 
beveled to an edge as shown in Fig. 8, and special care 
shall be exercised to secure fusion into the bottom of the 
V. For the first run no larger electrodes than No. 8 
gage shall be used. 
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oe ae 
(e) Finish of Butt Welds.—All butt welds shall be 


reinforced (see Fig. 3) so that the area of section at the 
weld is at least 10% greater than the area of section of 
the plate or member adjacent to the weld, except where 
a flush surface is required, when the butt weld shall be 
first reinforced and then ground off flush with the parent 
metal. Where butt welds are ground off flush with the 
parent metal the working stress in the weld metal shall 
be 10% less than the stresses set out in Clause 10. 

(f) Reinforcement of End Faces in Butt Welds.—End 
faces of butt welds in plates or sections shall be reinforced 
with cross runs of weld metal deposited at right angles to 
the runs in the butt weld and of a length not less than 
twice the width of the top of the V (see Fig. 11). 


Fillet Welds 


7. Fillet Welds —The nominal size of a fillet shall be 
specified as in Fig. 4. The throat thickness shall be not 
less than 70% of the nominal size of the weld and each 
surface of contact of the fillet with the parent metal shall 
be not less than 80% of the nominal size of the weld. 





J 


ill be 
it the 
on of 
where 
all be 
arent 
h the 
shall 


—End 
orced 
les to 

than 


all be 
ye not 
each 
| shall 





1934 STRUCTURAL STEEL WELDING CODES 17 





8. Gage of Electrodes and Limiting Thickness of 
Plate-—The maximum gage of electrodes to be used shall 
be governed by the average thickness of the parent metal 
of the contiguous plates or sections to be welded and 
shall be as set out in Table 1. 








Table 1—Gage of Electrodes and Limiting Plate 
Thicknesses 


Maximum Gage of 


Average Thickness of Plate or Section Electrode to Be Used 


Butt Welds, Fillet Welds, Gage, 
In. In. S. W. G. 
Under #/16 Under '/s 10 
3/,and under */,; '/s and under '/, 8 
3/, up to and in- 1/, up to and in- 
cluding '/2 cluding */s; 4 








9. Size of Runs.—The amount of metal deposited in 
one run of a net length of 16*/, inches of electrode shall 
be within the limits set out in Table 2. 








Table 2—Size of Runs 


Sectional Area of Approximate Size of Run 


Gage of Separate Run, in Inches per 16*/,-In. 
Electrode, (Sq. In.) Length of Electrode 
S.W.G. Maximum Minimum Maximum Minimum 

12 0.028 0.019 4 6 

10 0.0385 0.019 5 Q 

& 0.039 0.022 7 12 

6 0.042 0.026 9 15 

4 0.051 0.030 11 19 








VI. Working Stresses 


10. Butt Welds and Built-Up Sections.—The calcu- 
lated working stress in metallic arc-weld metal in butt 
welds and in sections built up from weld metal shall not 
exceed the figures set out in Table 3. 


Epirors Note: Long ton = 2200 Ib. is used in this 
article. 








Table 3—Working Stresses in Butt Welds 
Stress in Tons per Sq. In. 


Electrodes Tension Compression Shear 
Structural grade 7 7 5.6 


Ordinary grade 5 5 4.0 








ll. Fillet Welds.—The allowable working load in 
tons per lineal inch on fillet welds shall be calculated on 
the throat thickness of the weld, and shall not exceed the 
figures set out in Table 4, where ‘“T”’ is the throat thick- 
ness of the weld, taken as 70% of the nominal size of the 
fillet (see Fig. 4). 








Table 4—Working Load on Fillet Welds 
Loads in Tons per Lin. In. 


Electrodes End Welds Side Welds 
Structural grade Tx7.0 Tx 5.6 
Ordinary grade Tx 5.0 Tx 4.0 








12. Repair and Strengther-ing of Existing Structures.— 
The allowable working stresses in metallic arc-weld 
metal and in fillet welds used in the repair or strengthen- 


ing of those parts of existing structures where the parent 
metal does not comply with A. S. S. No. A. 1, Structural 
Steel, shall not exceed 80% of the figures for ordinary 
grade electrodes set out in Tables 3 and 4 and Clauses 
10 and 11. 


VIL. Design and Details 


13. Applications.—The following applications may be 
made: 


(a) Use of Butt Welds.—Butt welds may be used to 
transmit direct stress or shearing stress or a combination 
of the two with or without bending moment, except as 
provided under Clause 6 (d) (Fig. 5). 

(6) Use of Fillet Welds.—Fillet welds may be used 
to transmit longitudinal shear (side welds) or transverse 
shear (end welds) or a combination of the two with or 
without bending moment, except that joints made with 
a single fillet weld only shall not be permitted to carry 
bending moment which has a component about the longi- 
tudinal axis of the fillet (see Fig. 6). 

14. Length of Weld for Computation.—In computa- 
tions the following shall apply: 

(a) Length of Fillet to Be Considered.—In comput- 
ing the strength of a fillet weld the nominal length shall 
be taken as '/, in. less than the actual length to be laid 
down to allow for the commencement and end of the 
fillet or alternatively where possible the weld shall be 
carried round the end of the section for a distance of one 
quarter of aninch. Such length carried round the end of 
the section shall be disregarded in computing the strength 
of the weld. 

(6) Short Fillet Welds.—Fillet welds less than three 
times the nominal size in length shall not be considered 
as carrying stress for design purposes. 

15. Inclined Fillet Welds.—Where possible joints 
shall be so designed that the stresses on the fillet welds 
shall be longitudinal shear or transverse shear. Where 
this is not possible fillet welds inclined to the line of 
stress may be used and shall be computed on working 
stresses intermediate between the figures set out in 
Clause 11 in proportion to the angle of inclination. 

16. Center of Gravity of Welds.—Where a member 
carrying direct stresses is joined to another member, the 
center of gravity of the welds shall lie in the same plane 
as the neutral axis of the member, unless the amount 
of welding employed is sufficient to bring the maximum 
stress within the allowable stress after making due allow- 
ance by calculation for the eccentricity in weld location 
(see Fig. 7). 


(a) For fillets of equal size the rule shall be 
Ly/L2 = £2/g1 
(b) For fillets of unequal size the rule shall be 
tLi/teLe = g2/g1 


17. Stiffeners and Diaphragms.—Where two members 
are welded together in such a manner that stress is trans- 
mitted to parts of the members of varying stiffness, then 
the more flexible parts of the members shall be suitably 
stiffened to transmit the stress from the flexible parts 
through the stiffening pieces to the rigid parts of the 
members, unless load conditions are such that local over- 
stretching of any part of the connection does not occur. 

18. Intermittent Welds.—The following shall apply to 
intermittent welds: 

(a) Butt Welds.—Butt welds shall be continuous. 
Intermittent butt welds shall be prohibited. 

(6) Fillet Welds.—Fillet welds may be continuous 
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or intermittent but intermittent welds shall be not less 
than 3 in. long and shall not be discontinuous for more 
than 9 in. 

(c) Sealing of Weather Exposed Seams.—Where sur- 
faces in contact are exposed to the weather they shall be 
completely sealed by welding except where the width of 
the surface of contact is not more than '/, in. in which 
case intermittent welds may be used. 

19. Interpenetration of Members.—Where a member 
is cut to permit interpenetration of another member, 
sufficient welding shall be applied to develop the full 
strength of the original sections cut. 

20. Butt Welds under Restraint.—Butt welds made 
with members under restraint shall be welded with 
structural grade electrodes only. 

21. Continuity of Floor Beams.—Floor beams may be 
made continuous by providing connections capable of 
resisting the full negative moments at supports or by 
locating the joints in the beams at or near the points of 
contraflexure. Structural grade electrodes only shall be 
used. Where continuity of the floor beams is not required 
the beams shall be freely supported by brackets, cleats or 
other means which will permit full deflection of the beam, 
and welds shall be located so that secondary stresses in 
the beam and in its connections are a minimum. 

22. Compression Joints and Column Splices.—In com- 
pression joints and column splices the welding shall be 
sufficient to transmit the whole of the forces at the joint 
or splice, except where the ends of the section to be 
joined are milled to fit, in which case the welding may be 
designed to transmit not less than 50% of the direct forces 
and the whole of any shearing forces, tensile forces or 
bending moments at the joint. 

23. Built-Up Members.—Welds used for connecting 
the component parts of built-up members shall be pro- 
portioned for any calculable stresses to be transmitted, 
but the clear distances between intermittent welds in 
line and between lines of welds shall not exceed the corre- 
sponding distances which would be permissible for rivets 
if used for the same purpose, except as provided under 
Clause 18 (0). 


VIII. Periodical Field Tests 


24. If the authority shall so require, each welder shall 
be required to make test pieces as set out in Clause 10 
(fillet-weld test pieces) of A. S. S. No. A. 18, Electrodes 
for Metallic Arc Welding. One specimen of each type 
only shall be required. In the event of failure of one or 
both of these test pieces to meet the requirements of the 
above specification two further test pieces of the same 
kind shall be made and tested. The majority of the test 
pieces shall comply with the requirements of the speci- 
fication. 


IX. Workmanship 


25. Preparation.—The work shall be prepared in 
accordance with the following requirements: 


(a) Clean Sections.—Plates and sections shall be 
reasonably free from oil, paint, heavy scale or any sub- 
stance which might affect the quality of the weld. Where 
a weld is to be deposited on an oxy-cut surface, the sur- 
face shall be rendered reasonably free of scale before 
welding. 

(6) Holding the Work.—The landing edges of plate 
sections to be welded shall be closed by service boiting, 
cramping, jigs or tack welds. When the work is liable to 
distortion during welding, it shall be held in approved 
frames or jigs. 

(c) Distortion—Wherever possible the welding shall 























be carried out in a manner to minimize distortion and 
contraction stresses by applying the welding in inter- 
mittent stretches and by backstep welding, i.e., welding 
from the outside edge or end toward the center. 

(d) Slag.—All slag shall be removed from the weld, 
and the weld thoroughly cleaned before a run of welding 
may be superimposed on a previous run. 


26. Standard of Workmanship.—All workmanship 
shall comply with the following requirements: 


(a) Deposition of Weld Metal.—The welding shall be 
deposited in runs of guod clean metal free from slag in- 
clusions and porosity. Tamping or hammering of the 
metal shall be prohibited, but the slag may be chipped 
from the metal with a light hammer. 

(b) Required Weld Characteristics, ete—The weld 
shall show a good even contour and on a cut specimen 
shall indicate good fusion with the parent metal. Slag 
inclusions or welds showing porosity shall be cut out and 
rewelded. 

The welds shall be free from undercutting. All under- 
cut portions of butt welds shall be rewelded and, if re- 
quired by the Engineering Supervisor, any undercut por- 
tions of fillet welds shall be rewelded. If the weld metal 
tends to fold over on the parent metal without proper 
fusion it shall be cut out and rewelded. 

27. Current.—The current used shall be as required 
to carry out the welding as specified and shall be varied 
as required to meet the varying conditions but generally 
shall be between the limits shown in Table 5. 








Table 5—Welding Current 


Gage of Electrode Current—Amperes 


12 80—110 
10 110—140 
8 130—170 
6 160—240 
4 180—280 








X. Machinery and Equipment 


Epiror’s Note: These cover the characteristics of 
the machine and permit A.C. and D.C. welding. Special 
rules cover protection of the operator, length of leads 
and items of this nature. 


Appendices 1, 2 and 3 


EpitTor’s Note: These cover, respectively, definitions, 
welding certificates and standard specifications for elec- 
trodes. 

In connection with the latter, two grades of electrodes 
are permitted, one of them “Structural Electrodes’ and 
the other “Ordinary Electrodes.’ In order to indicate 
their relative difference there is reproduced below some 
of the principal requirements. 








Tons per Sq. In. 


Structural Ordinary 
Tensile tests of weld metal 28 22 
Tensile tests of butt welds 28 22 

Structural Ordinary 
Cold bend tests elongation 25% 12% 
Impact tests 30 ft.-Ib. 20 = ft.-Ib. 
5/\s-in. side fillet welds 4.9tonsperin. 3.9 toms per in 
5/\,-in. end fillet welds 6.2tonsperin. 4.8 tons per! 
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Investigation of 


Welded Bridges 


By PROF. G. A. NIKOLAIEFF 


+From Works of the Central Scientific Research Institute 
for Railroad Construction of the People’s Commissariate 
of Ways of Communication in U. 8S. 8S. R 


l. Introduction 


N U.S. 5S. R. much attention is given to using welding 
in various branches of steel structures in industry 
and railroads. There are a whole number of branches 
of industry in which the use of welding is not only 
allowed but is also obligatory instead of riveting and 
casting. Welding specifications for structures sub- 
jected to dynamic loads are considerably more strict 
than for static loading. 

Nevertheless in U. S. S. R. a number of large welded 
crane trusses, crane runway beams and welded railroad 
cars have fully proved to be safe in operation under 
dynamic loads. The problem of wide application of 
bridge welding can be solved only after accumulation of 
experience in construction of bridges and laboratory 
tests of separate details. 

At present in U. S. S. R. there are several wholly 
welded bridges and in the period of four years there have 
been carried on investigations relative to the use of 
welding in bridges. The subject of this article concerns 
the results of some work accomplished by the Institute 
of Construction. 


2. Effect of Welding on the Strength of Base Metal 


In the period 1931-1932 there were made investiga- 
tions of the effect produced by the welded metal on 
the strength of base metal subjected to statical and dy- 
namical loading. 

The method of investigation was as follows: Ona bar 
60 mm. wide, 10 mm. thick and 400 mm. long there 
was welded on a fillet of various thicknesses (8-12 mm.) 
with different D.C. amperage (175-300 A.) using bare 
electrodes. Later the bar under investigation was 
tested in tension in the laboratory. Simultaneously a 
similar bar without welded metal on it was tested in 
tension. The aim of these tests was to answer the 
following questions: Whether the base metal is weakened 
by the presence of the welded metal, in what section will 
the failure follow and how great will the ultimate load 
be in comparison with unwelded bars. Taking in con- 
sideration that in U. S. S. R. we are using the welding 
process not only for constructing new bridges but also 
for strengthening old bridges, the investigation was 
carried on upon bars of structural steel and upon bars 
of wrought iron. 


The results are as follows: 


In investigating by statical loading, bars of structural 
steel failed at a distance of 60-100 mm. from the fillet. 
The ultimate strength was the same as for an unwelded 
In investigating under statical loading, bars 
of wrought iron failed along the section of the welded 
metal with the ultimate strength 3-6% less than the 





unwelded bar. It is interesting to note that wrought- 
iron bars failed along the layers next to the fillet welds. 

On the basis of tests of over a hundred bars, the 
following conclusions were drawn: In structural steel 
the welding does not diminish the strength of the base 
metal under statical loading. The bar under the fillet 
is somewhat stronger than the rest of the bar. In the 
wrought iron even in the case of statical loading the 
fillet weld diminishes the strength of the base material 
about 5%. 

The results were different in investigating the strength 
of the material near the weld under the effect of impact. 
Angles 120 x 120 x 10 of structural steel were taken, and 
similar angles with welded metal in the middle of the 
span. Angles were placed as beams onto supports and 
were subjected to impact with a steel block. The 
method of the experiment is shown in Fig. 1. 

The unwelded angles were deformed and flattened, 
but no cracks were observed. Welded angles in tension 
zone cracked under the welded metal. The cracks 
appeared after the yield point was reached, that is, 
under stresses much higher than allowable. The welding 
diminishes the strength of the base material under the 









€eLém. 


Fig. l—Impact Test of Angles 





dynamical load. Failures in impact tests are shown in 
Fig. 2. 


3. Vibration Tests of Welding 


In U. S. A. the investigations by Moore, Lobo, 
Thornton and Jennings were made on small specimens, 
while in U. S. S. R. the investigations of dynamical 
loading were made on large specimens. We shall give 
later on the results of tests of riveted and welded frames 
and of specially built experimental trusses with a span 
of nine meters. The aim of the test was to compare 
the strength of the welded and riveted joints under dy- 
namical loading. Tests were made by means of a vibrat- 
ing machine shown in Fig. 3. 

The vibrating machine of the Institute is mounted on a 
small car weighing 8 tons, which is transported to remote 
distances in a special car. The rail track is placed on the 
structure under test and is firmly attached to the latter. 
The vibrating machine is placed on this track and, by 
means of special attachments, is fixed to it. The ma- 
chine has 8 discs which may be rotated synchronically 
by a motor placed inside of the machine. On each disc 
a weight is fixed at a certain distance from the center. 
Every pair of discs rotates in opposite directions. The 
resultant of centrifugal forces is vertical. This vertical 
force causes the vibration of the structure under test. 
The maximum impulsive force developed by the ma- 
chine is 5 tons. The discs may rotate with different 
speed. During the test the period of the forces coincides 
with the period of free vibration of the structure. Owing 
to the effect of “‘resonance’’ the amplitude of vibrations 
and stresses in the structure reaches high values. 
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Fig. 2—Impact Test of Angles with Fillet Welds 


The test procedure of frames was as follows. 


The frames were placed on special steel supports 
and were attached to them. The machine was placed 
on the frame and made it vibrate with the effect of 
“‘resonance’’ till. the frame failed. In the process of the 
experiment stresses were measured by telemeters well 
kuown in United States. These telemeters provide 
us with diagrams obtained by means of an electrical 
oscillator. Such a diagram is shown on Fig. 4. The 
tests of frames made with the vibrating machine caused 
tensile stresses from 1744 to 820 kg./cm.? and the ampli- 
tude of vibration was 18 mm. Six frames were tested— 
two riveted and four welded. Out of the six frames four 
did not fail at all. Two frames—one riveted and the 
other welded—failed through the base metal. However, 
the riveted and the welded connections were not dam- 
aged. The riveted frame failed near a rivet hole, the 
welded one near the fillet weld. In both cases there was 
a marked rising of temperature in the base metal. 
This proved that the tensile stresses were higher than 
the yield point. On the basis of completed experiments 
we came to the conclusion that such important struc- 
ture as frames of railroad cars can be fabricated by means 
of welding. The use of a number of welded frames 
proved that the results of the test were correct. 

The secord series of interesting tests with dynamical 
loading was made on a specially built welded truss 
shown on Fig. 5. The truss was set on concrete blocks 
and was tested with a small vibrating machine weighing 
300 kgs. and shown on Fig. 5. This vibrating machine 
consists of a motor and one pair of discs rotating in 
opposite directions. The maximum impulsive force 
produced by this machine is 1.5 tons. The truss was 
made up from angles 120 x 120 x 12 mm. In the middle 
of the span bottom chords had various types of welded 
joints. The aim of the experiment was the comparison 
of the strength of four types of joints: butt welds, front 
welds, side welds and combined welds consisting of the 
front and side fillet welds. The method of tests was the 
following: the bottom cord was provided with one butt 
weld; the truss was tested till it failed. After the failure 
the joint was rewelded and the test was repeated. 
After several similar tests front fillet welds, then side 
fillet welds and at last combined welds were tested. The 
four types of joints are shown on Fig. 6. All the speci- 
mens were welded by means of direct current with elec- 
trode of chemical composition : 


C—0.15% 
Si—0.08% 


Mn—0.40% 
S—0.03% 
G—0.03% 


The comparative strength of joints was determined 
by the time required to break the weld. The four types 
of welds were designed to be of equal strength. Figure 6 
represents the diagram of vibration of the truss. These 
diagrams were made up by means of Stoppany’s system. 
During the test of the stresses in the welds they varied 
from 1100 kg./cm.? to 2200 kg./cem.? It is clear that 
the stresses were higher than the endurance limit of 
welds. The value of the tensile stresses was chosen 
specially to shorten the process of the test. The results 
of the tests are given in the following table: 


Type of Welds Number of Cycles Till Break 


Stresses 
Butt welds 1100 48,000—72,000 
2200 7100-21,190 


1230 
1430 
1660 
1660 


Front fillet welds 


20,000-32,000 
Side welds 


12,600 
4000-—20,000 
Combined welds 20,000—27 ,000 


The results of the experiments proved that the best 
type of connection is butt welds and. the worst fillet 
side welds. Up to the present time in U.S. S. R. it has 
been very often considered that the best type of con- 
nection is the side weld. It is necessary to note the 
character of failure of side welds. The side welds had a 
throat section of 8.4 cm.? The section of the plate was 


Fig. 3—Vibrating Machine 


Fig. 4—Diagram Produced by 
Vibrating Machine 
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Fig. 5—Weld Truss Test 
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Fig. 6—Types of Connections Investigated by the Vibrating Machine 
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Fig. 7—Scheme and Sections of the Experimental Welded 12-M.- Bridge 
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Fig. 8Scheme and Sections of the Experimental Welded 45-M. Bridge 





10 cm.? Although the designed strength of the welds 
was less than that of the plate, the failure happened in 
the plates. Undoubtedly the cause of the failure through 
the plate was the side welds. Owing to the unequal 
distribution of the stresses along side welds, local 
stresses of high value are concentrated at the ends of 
them. The latter caused the decrease of strength 
of the plate near the weld. In testing the same types 
of connections under statical load the failure occurred 
in all cases through the welds. 


4. Research in the Process of Fabrication of 


Welded Bridges 


In U.S. S. R. there are a few railroad-welded bridges 
with plate girders and trusses. 

One of the bridges is with a span of 12 m. It was de- 
signed by the Institute for Transport Construction and 
was fabricated by the laboratory of the Institute for 
Locomotive and Car Research. The bridge consists of 
two trusses with parallel chords. All members of the 
bridge are built with 120 x 120 x 12 angles. Sections of 
the members are shown in Fig. 7. The joints are de- 
signed without gussets. The splices of the chords are 
butt welded and strengthened by small plates. For the 
first experimental bridge the unit stresses were inten- 
tionally specified very high. Unit stresses in the base 
metal were 1700 kg./cm.’ (tensile), for the welds 
1200 kgs./cm.? in compression, 1100 kg./cm.? in ten- 
sion and 900 kg./cm.? in shear. The bridge was tested 
by the vibrating machine with stresses in the chords 
varying from +703 to —339 kg./em.* The test with 
the vibrating machine lasted about 3 hours. Since the 
test the bridge is used on a branch line. The stresses 
measured with Huggenberger extensometers amounted 
approximately to 900 kg./cm.* under the static load of 
the locomotive. The bridge had been used for two years 
on the branch line and no damage or cracks occurred in 
the welds or the base metal. During the welding of the 
bridge, stresses caused by temperature were measured. 
In welding to chords, diagonals two meters long, tem- 
perature stresses in diagonals varied trom 0 to 250 
kg./cm.? 

Another railway bridge with a span of 45 meters was 
also designed by the Institute. The steel was fabricated 
in 1933 by Stalmost (organization tor bridge construc- 
tion) and will be set on the railroad next year. The 
system of the trusses, sections of various members and 
some details are shown on Fig. 8. Stringers and floor 
beams are designed as welded girders. Stringers are 
connected to floor beams by means of brackets and 
splice plates marked on Figs. 9 and 10. Floor beams are 
connected to the main trusses by fillet welds and are 
strengthened by brackets. A space of 6 cm. was be- 
tween the stringer web and the web of floor beam. By 
means of two vertical plates welded during the erection 
the web of the stringer is connected to the floor beam. 
This type of connection does not require accurate fit of 
stringers and simplifies the erection. Chords were de- 
signed entirely of plates; diagonals, verticals and braces 
were made with channels. The material of the main 
trusses is unified in size to the utmost degree. The 
joints are designed mostly with gussets, Fig. 10, the chord 
splices were butt welded and strengthened by splice 
plates. For convenience of erection bolts are provided. 
Although the system of the welded bridge imitates the 
riveted one, a 15% economy in weight is obtained owing 
to welding. Separate details of the bridge were tested 
immediately after the design was made. Thus were 
tested the top chords members, diagonals and connec- 
tions of floor beams to verticals. Figure 11 shows a top 
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Figs. 9 & 10—Connection Details of the Experimental 45-M. Bridge 


chord member; the failure was caused by the loss of 
stability. The member is deformed but the welds are 
not damaged. The connection of the floor beam to the 
vertical is made by welding with the addition of brack- 
ets. To make details and the order of erection clear, a 
model of the bridge was made to '/2 scale. Shop work 
of the bridge took about one and a half months; the 
work was done by skilled operators. Before welding, 
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Fig. 11—Compression Test of Top Chord Member of the 45-M. Bridge 


steel chords and diagonals were assembled in special 
fixtures. These fixtures prevented deformations by 
the heat of the welding. 


5. Investigations in the Process of Strengthening 


Old Bridges by Welding 


By the present time in the U. S. S. R. welding has 
been applied to strengthen several old bridges. Some 
of the strengthened bridges were made of wrought iron. 
In different bridges there were strengthened the follow- 
ing members: stringers and floor beams, riveted con- 
nections, compressed diagonals and braces between the 
main trusses. 

The Institute undertook experimental work with the 
object of answering the following questions: to what 
extent the additional steel participates in the work of 
the structure after it has been strengthened; to what 
extent the strengthening by welding diminishes the 
stresses in riveted connections; and the effect produced 
by welding on the strength of the base metal of the 
bridges. The experiments were made by means of 
Huggenberg’s extensometers and led to the following 
conclusions: the additional steel works splendidly 
together with the strengthened member; the live load 
stresses in rivets are materially diminished by welding; 
up to the present time the problem of the effect of the 
welding upon the strength of wrought iron is not solved. 

Combined connections (front and side fillet welds with 
rivets) were investigated most carefully in the laboratory. 
All these investigations prove that the main part of the 
stress in the combined connection is taken by welds. 
The rivets appear to be lightly loaded. The percentage 
of the total load, which is carried by rivets in a com- 
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bined connection, can be expressed by the following 
formula: 
S-— S’ 
p ep ead 8 
— 
where 
S, ultimate strength of the combined connection 


S’, ultimate strength of the riveted connection (with no 
welds) 


S", ultimate strength of the welded connection (rivets 
removed). 


According to the experiments, “‘K’’ was equal to 0.2- 
0.4 in connection with rivet and front welds and reached 
0.6. in connections with rivets and side welds. In all 
specimens the area of the welding was equal to the area of 
rivets. 


6. Conclusions 


Besides the above-mentioned investigations, a number 
of experiments was made to determine the strength of 


different types of welds: butt welds, front fillet welds, 
short and long side welds. Experiments were made for 
determining stresses produced by temperature in the 
process of welding. A number of bridges with middle 
and large spans (up to 100 meters) were designed. These 
designs show that the economy obtained by using weld- 
ing instead of rivets varies from 18 to 22%. On the 
basis of the above-mentioned research, instructions have 
been worked out to be used in the railroad system con 
cerning the design of new welded bridges and the use of 
welding in splicing reinforcing bars for reinforced con 
crete constructions. A very interesting investigation 
was made at the Institute by engineer Samsonoff con 
cerning the distribution of stresses in welded connections. 
The study was made on transparent celluloid by means 
of polarized light. 

All the experiments described in this article were 
completed in the Section for Bridge Engineering of the 
Institute for Transport Construction by Prof. G. A. 
Nikolaieff and engineers, I. A. Moisseieff, and A. I. 
Muroff, under the general direction of the chief of the 
Section, Prof. G. K. Evgrafoff. 





Oil Explosion Fire Provides Unusual 


Test of Are-Welded Structure 


By A. F. DAVIS 


#Mr. Davis is Vice-President of The Lincoln Electric 


Company. 


N OIL explosion followed by fire recently destroyed 
the arc-welded steel structure of the Spring Perch 
Company, Lackawanna, N. Y., without causing 

failure to any of the welds used in its construction. 

Twisted and bent by the terrific explosion and heat 
of the flames, trusses and bar joists of the one-story 
mill building formed a contorted mass of steel on the 
factory floor. Examination of the ruins failed to dis- 
close any welds which had given way. 


The structure was built in 1932 with framework en- 
tirely of arc-welded steel. Wide span trusses, bar joists, 
purlins, roof deck and window sash were welded by the 
arc process. The Buffalo Tank Corporation had the 
contract for the welding. 

The explosion which destroyed the structure proved a 
rigid test of welded construction and indicated the unu 
sual strength of the welds. 





Fig. 1—The Oil Explosion and Fire Which Destroyed This Arc-Welded 
Mill Building at Lackawanna, N. Y., Failed to Injure the Welds with 
Which the Framework Was Joined 


Fig. 2—Welds on the Wide Span Trusses and Bar Joists Were Subjected 
to the Force of the Explosion, the Heat of the Fire and the Weight of the 
Roof Crashing to the Fleor. Despite This Unusual Test. the Welds Held 
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Determination of Initial Stresses by 


Measuring the Deformations 


around Drilled Holes 


By JOSEF MATHAR,' AACHEN, GERMANY 


+Reprinted from A. S. M. 


E. Transactions for 1934 


through the courtesy of the Society. 


ARIOUS methods have been proposed for de- 
termining the initial stresses in structural mem- 
bers, by disturbing their stress equilibrium 

through some mechanical device and measuring the 
resulting deformations. This principle is the basis of 
the stress investigations of E. Heyn and O. Bauer,’ 
the casting of stress grids for determining the tendency of 
various cast irons to develop stresses* and the drilling 
methods of G. Sachs.* The methods used have the dis- 
advantages, however, that they work only with specially 
shaped pieces (e.g., those with round or rectangular 
cross sections), that every form of test piece requires a 
different kind of injury and, hence, of calculation and that 
the tested parts are rendered useless. In part, more- 
over, only mean stresses can be determined, which 
may differ greatly from the maximum stresses. 

The new test method, which seeks to eliminate these 
disadvantages, is likewise based on a disturbance of the 
equilibrium of forces, and is done by drilling a hole, 
which, however, is so small that the part can be used 
again. This method serves, among other things, for 
determining the initial stresses in castings, welded parts, 
rolled structural shapes and finished structures. 

In order to explain the fundamental principle, it is at 
first assumed that the part to be tested is very wide, 
and that it is subjected to a constant monaxial stress 
which is uniform throughout the thickness and has a 
known direction. A tensometer is then placed on this 
test piece in the direction of the stress. If a hole is now 
drilled between its foot points a and 6 (Fig. 1a), this 
hole will become an ellipse under the stresses and 
the distance between the points a and } will be changed— 
increased if the stress was tension, decreased if the stress 
was compression. If the relation between the change in 
this distance and the stress is determined by calculation 
or by a calibration test, then the stress in the test piece 


! Privat- dozent (assistant professor) at the Technical University in Aachen 
(Germany). Josef Mathar was graduated at the same institution; received 
the degree of Dr.-Ing. in 1924; was in charge of the structural de go 
of the Aerodynamical Institute at Aachen under the directorship of Dr. 
von Karman. He published a series of papers on problems related to = 
theory of elasticity, strength of materials and airplane structures. He died 
on July 25, 1933. Paper translated by Th. von Karman. 

2 Stahl und Eisen, 31, 760-5 (1911). 

*R. v. Steiger, Dissertation (Zurich, Gebr. Leemann, 1913); compare 
Stahl und Eisen, 38, 1442-3 (1913). 

4 Z. Metalikunde, 19, 352-7 (1927). 

Contributed by the Iron and Steel Division and presented at the Semi- 
Annual Meeting, Chicago, I1l., June 26 to July 1, 1933, of The American So- 
ciety of Mechanical Engineers. 


in the direction ab can be calculated from the change in 
the distance between a and b. 

Figure 2 shows, by way of example, how the distance 
between the points a and 6 is affected by the penetration 
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Fig. 1—Position of Tensometer Foot Points Relative to Hole 
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Fig. 2—Tensometer Readings at Different Drill Depths 
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of the drill into the material. The shape of the drill, 
which largely determines,the form of this curve, was 
determined experimentally to give the smoothest possible 
operation. When the tip of the small drill penetrates 
the test piece, the change in the distance must be 
extremely small, since the resulting conical hole is small 
and far from the points. It is still small when the cy- 
lindrical part of the first drill penetrates. When the 
main drill begins to cut, the change in the distance 
suddenly increases, as shown by the break in the curve, 
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but then increases more slowly until the exit of the 
main drill. In a thick piece the change in the distance 
approaches a limiting value, since the stresses which 
are liberated through the removal of material by the 
drill at some distance below the surface have no ap- 
preciable effect on the deformation at the surface. 
From this fact it follows that it is not necessary to drill 
clear through thick pieces to determine the stresses. 
Tests show that the depth of the holes need be only 1.5 
to 2 times their diameter. 

In testing a piece in which the stress is known to be 
uniform with the depth, it is, of course, not absolutely 
necessary to plot the distance change against the depth 
of the hole. The total distance change at the end of 
the drilling is sufficient, although to be on the safe side 
it is always advisable to plot the whole curve. 





Total movement of pointer 
extensometer in mm. 
Fig. 3—Calibration Curve for a Soft Steel 


Fig. 4—Drill Mounting with 
Mirror Extensometer 


The basic principle of the test method is the same 
whether the change in the distance between the points a 
and b (Fig. la) or between the points a’ and e (Fig. 
ib) is measured. In the latter case, if the point e were 
infinitely distant from a’, the distance change would be 
just half that between a and b. In practice the point e 
need not be very far from a’, since most of the deforma- 
tion is close to the hole. In the experimental arrange- 
ment this distance was 15 cm. (5.91 in.). 

If the test piece is subjected, not to a monaxial, but 
to a biaxial state of stress, then one measurement is not 
enough, and the deformation of the hole must be mea- 
sured in three different directions in order to determine the 
magnitude and direction of the maximum and minimum 
principal stresses. If only one measuring instrument 
is available and it is known that the stress remains 
constant over a large area, three holes can be drilled in 
this area and measurements made on each at a different 
angle. 

If the stress varies along the depth of the hole, as in 
bending or surface stresses, the shape of the curve (Fig. 
2) gives qualitative indications regarding these changes. 
For very thick parts, as for instance large rolls, the 
process gives no indications as to the stresses in the center 
of the rolls, since only the stresses near the upper surface 
can be determined. However, it is often possible, when 
the surface stresses are known, to make qualitative 
estimates about the size and direction of the stresses 
inside of the rolls by taking into consideration the fact 
that the sum of all stresses and moments must be equal to 
zero, 

The diameter of the drill used in the test apparatus 
was 12 mm. (0.472 in.). It might, of course, be larger 
or smaller. The upper limit is given by the requirement 
for the least possible weakening of the specimen, while 
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the lower limit is determined by the accuracy and 
sensitivity of the measuring apparatus. For laboratory 
apparatus, the diameter could be reduced to 6 mm. 
(0.236 in.). This is probably the limit, however, as with 
smaller holes the magnification of the measuring instru 
ment would have to be too large. 

After the test a rivet or plug can be inserted in the 
hole, according to whether the hole goes clear through 
or only part way. A tightly fitting rivet will reduce 
stress concentration during subsequent loading, since the 
pressure of the rivet head around the hole will partially 
prevent the deformations which would occur with an 
open hole. The strength of the structure or the utility 
of the part will seldom be affected by the slight weakening 
produced by the test. If the test is made on a girder, 
for example, a 12-mm. hole would have little effect in 
comparison with the many larger holes required for 
assembling. 

The calibration of the measuring device, i.e., the 
determination of the relation between the final elonga 
tion of the test distance and the stress, can be made 
once for all for the principal materials. So long as the 
stresses are less than 40 per cent of the proportionality 
limit they are proportional to the final elongations 
(see Fig. 3). For this range the calibration can also be 
made by calculation. Above this point it must be made 
by experiment. The fact that the stresses which can be 
calculated are so low is due to the high stress concen 
tration at the edge of the hole. 

The calibration of the measuring device by calculation 
is based on a report by Kirsch,® who calculated the 
elongation of a hole in a member of infinite width in 
terms of the tensile stress, and on a report by Willheim 
and Leon,’ who extended this method approximately 
to members of finite width. 

The experimental calibration can be made by mounting 
a broad flat plate with a 12-mm. (0.472-in.) hole in a 
tensile machine. Then a tensometer, preferably the 
one used in the hole tests, is so mounted on the plate 
that its measuring points rest on the points a and } 
(Fig. la) or a’ and e (Fig. 16). The plate is then stressed 
and the resulting increase in the distance between 
a and bd, or a’ and e, is measured. From this must be 
subtracted the distance increase which would be ob- 
tained if the hole did not exist. The resulting calibra 
tion curve is valid only for plates of the width used in the 
test. 

After calibration curves have been plotted for plates 
of different widths, the values for plates of infinite 
width can be extrapolated. 

The calibration test can also be made like the subse- 
quent investigation, except that the distance increase 
is measured in terms of a known stress. A flat plate is 
subjected to a known load, the measuring instrument is 
installed and the hole is drilled. The increase in dis 
tance between a and 3, or a’ and e, is thus determined 
in terms of the depth of the hole, and from this the total 
increase corresponding to the stress. If this test is 
repeated for a series of different stresses, a series of 
curves is obtained from which the final calibration 
curve, i.e., the total distance changes in terms of the 
stresses, can be determined. If, for the material under 
investigation, the stress-strain line for tension differs 
from that for compression, the test must be made for 
each. The width of the plate is taken into consideration 
in the same way as in the calibration test previously 


described. 


’ Z.V.D1., 48, 797-807 (1898) 
* Z. Mathematik und Physik, 64, 233 (1916). 
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To measure the deformation, two instruments have 
been designed. The first is a mirror instrument which 
works in a manner similar to the Martens tensometer 
(Fig. 4). Since the installation of the telescope required 
with this apparatus is often difficult, an indicator has 
been developed in which the change in the distance 
actuates a pointer through a mechanical magnification. 
This indicator does not span the hole like the reflecting 
instrument, but rests on the points a’, 6’, c’ of the test 
piece (Fig. 1b).. The movable leg is at the edge of the 
hole, and the fixed legs are about 15 cm. (5.9 in.) from 
the hole. Figure 5 shows the whole test apparatus with 
this indicator g. The indicator has a magnification of 
about 1:3200 and is balanced in every position. It is 
clamped to the test plate by the arm wu on the drilling 
machine z. The drillings are carried away by a sleeve, ?. 
The 0.3-hp. drilling machine is driven by a flexible 
shaft and runs very smoothly. The drilling pressure is 
kept nearly uniform by the interposition of a spring. 
The depth drilled is measured by a Zeiss gage, v. The 
drilling machine is clamped to the test plate by the frame f 

A great many tests have been made by these methods 
in many different fields. A number of these experiments 
are discussed in the following paragraphs. The methods 
used in making the tests are described, and the results 
which are of general interest are given. 


Rolling Stresses in Structural Steel 


The standard profiles, especially the H-beams, are 
seldom free from initial stresses, as proved by many 
experiments. These stresses are in part due to the 
conditions during cooling from the hot rolling, but are 
chiefly due to the rolling itself. H-beams have been 
tested which showed tension in the web, while others 
showed compression. This is proof that the stresses 
are produced primarily during the rolling process, since 
if they were produced by the cooling process all beams 
should have compression stresses in the web, as this is 
the part which cools first. 





Fig. 5—Test Apparatus with Pointer Extensometer 


As examples of tests of structural shapes, the experi- 
mental results for a relatively highly worked H-beam 
NP20, an I-beam NP20 and a channel beam NP26, 
all 6 m. long (about 20 ft.) have been selected. In the 
H-beam the inital stresses were determined over the 
whole length of the web (Fig. 6) and in both flanges at 





the points of maximum web stresses (Fig. 7). For every 
test point the full curve was plotted, showing the elonga- 
tidn of the test length against the depth of the hole. 
All the places were drilled clear through, with the excep- 
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Fig. 6—Distribution of Initial Stresses in Web of H-Beam 
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Fig. 8—Effect of Cutting Slot in Web at End of H-Beam 
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tion of the middle of the flange. The curves, almost 
without exception, resemble Fig. 2, from which it may be 
concluded that the stresses vary but little throughout 
the thickness. For this reason and from the fact that 
the stress in the girders must be chiefly monaxial, the 
calibration curve of this stress condition was taken as 
the basis for the stress determination. There were 
extremely high tensile stresses in the middle of the web 
of the beam in the direction of the length, amounting 
in the middle of the length to about 20 kg. per sq. mm. 
(28,400 Ib. per sq. in.). At this stress, the pointer of the 
instrument was deflected about 36 mm. (1.42 in.). 
The maximum stress was in the central part of the beam. 
At both ends, as was to be expected, the stresses dropped 
to zero. The flanges were stressed in compression, the 
stresses being small in the middle and increasing toward 
the edges. Analysis of the results showed that the sum 
of the moments of the stresses found for a cross section 
was nearly zero. 








LICTIPLLY,SLPPLTLD 





! 

! 

! 
x 
1 

! 

! 
cleanin 
! 

! 

! 

! 

a00—> 











WAN NAN NAAN 


~ 

















vA 
VLD 








K 





S000 
Fig. 9—Location of Test Strip in Web of H-Beam 
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Fig. 10—Distribution of Initial Stresses in Web of I-Beam 


To check the test results the H-beam was sawed in 
the middle of the web at the right end for a distance of 
about 50 cm. (about 20 in.). If there were tensile 
stresses in the web, as indicated by the test, the halves 
of the beam after sawing would approach each other. 
As shown by Fig. 8, the ends separated a little at first, 
but drew strongly together again after being sawed 
5cm. (about 2 in.). After sawing 48 cm. (about 19 in.), 
the separation of the ends had diminished about 3 mm. 
(0.12 in.). A second test consisted in sawing out, at a 
distance of 2.6 m. (8.53 ft.) from the right-hand end of 
the H-beam, a strip 32 by 4 cm. (about 12.6 by 1.57 
in.), as shown in Fig. 9. If there were tensile stresses 
of about 20 kg. per sq. mm. (28,400 Ib. per sq. in.) 
at this place in the web, the sawed-out strip should have 
contracted about 0.29 mm. (0.0114 in.), according to 
the formula 


stress 
Young’s modulus 





Contraction = X test length 


The test showed a contraction of 0.27 mm. (0.0107 in.). 
The results of the proposed method are thus confirmed. 

The stresses were considerably smaller in the I- 
beams than in the H-beams (Fig. 10). The stresses 
were determined only in the middle of the web, the tests 
showing stresses of about 2 kg. per sq. mm. (2845 lb. 
per sq. in.). In the channel the stresses were likewise 
determined for the middle of the web and, in general, 
were relatively small (Fig. 11). In the middle there 


was a sudden increase in stress, which was probably 
due to overstressing in handling. 


Stresses in Castings 


In order to obtain, for various types of cast iron, the 
relation of the casting stresses to the wall-thickness 
ratios and the temperatures of casting, frames of the 
shape shown in Fig. 12 were cast. This frame shape 
was selected in order to obtain as nearly a monaxial 
stress system as possible. The wall thickness ratio 
was varied by changing the outer frame thickness from 
10 to 60 mm. (0.39 to 2.36 in.), while the inner cross had 
the same thickness in every experiment. Measurements 
were made chiefly at the points designated by a. The 
measurements taken in all four positions proved very 
consistent. As an illustration of a series of experi- 
ments, the relationship between the casting stresses in 
the center cross and the wall thickness of the outer 
frame, with constant casting temperature, is shown in 
Fig. 13. As can be seen from the curve, small tension 
stresses occur in the cross when the frame and cross- 
thickness are equal, but as the thickness of the frame 
wall is increased, the stresses in the cross become com 
pressive and of greater and greater magnitude. 


Stress Determination in Bridges and Structures 


The total stresses in the elements of such structures 
are composed of: 


1. Stresses produced by the weight of the structure. 

2. Stresses produced during the manufacturing process 
and therefore present before assembling. 

3. Stresses produced during the assembly by forcing 
members into place and by riveting, bolting, welding, 
etc. 
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Fig. 1l—Distribution of Initial Stresses in Web of Channel 


In structures designed for low stresses the stresses 
produced by assembling and manufacturing will often 
be higher than those due to the weight of the structure. 
This is especially true in welded structures, where the 
calculated stresses can only be considered as rough 
approximations, as they are likely to differ from the 
actual stresses by a factor of 2 or 3. To obtain the three 
types of stresses separately by measurement is often 
a difficult task, possible only through repeated measure 
ments upon the same structural member. In general, 
this separation is not required, since one wishes only to 
know how much the actual stresses differ from the 
calculated ones. 

As an illustration of a measurement of this kind, 
where the ‘weight stresses’ could easily be separated 
from the assembly stresses, the inspection of a large 
arch bridge (span length about 100 m., or 330 ft.) may be 
mentioned. A diagram of the entire bridge and a sketch 
of the upper side of the arch are shown in Fig. 14. 
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The calculated stress was about constant over the 
cross section and had a value of about 400 kg. per sq. 
em. (5700 lb. per sq. in.). This value was also found 
experimentally in the web. But in the top flange, which 
was composed of three riveted plates (1300 x 15 x 5000 
mm., or 51.2 x 0.59 x 196.6 in.), seven measurements 
in the top plate showed almost zero stresses. This 
contradiction was explained when the lowest plate, the 
one closest to the web, was tested; here there was a 
compression stress of about 850 kg. per sq. cm. (12,100 
Ib. per sq. in.). The average stress in the whole plate 
therefore checked with the calculated one. The differ- 
ence between the stress in the top and the bottom plate 
was due to the fact that, in assembling, one end of the 
plate had been riveted solid and then bent down by 
force to fit the web, already curved to the proper bridge 
curvature. This bending produced tension in the top 
plate and compression in the lower one, which in the 
present case happened to be equal to the ‘weight 
stresses.’ The final stress picture thus showed a zero 
stress in the top plate of the flange and double the value 
of the ‘‘weight stress’’ in the bottom one. 





Fig. 12—Cast-Iron Test Frames 
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Fig. 13—Effect of Outer Wall Thickness on 
Casting Stresses in Grids 





The Determination of Welding Stresses 


While measurements with a single extensometer, 
that is, measurements in a single direction, were 
sufficient in the previous tests, it was necessary to use 
two instruments in this type of investigation, since the 
stresses were almost always in two directions (biaxial). 

The experiments made on welded seams can be di- 
vided into.two groups. The first group includes, be- 
sides determination of stresses in plates subjected to 
various types of iocal heating, a systematic study of 
electric- and gas-welded plates. The dimensions of the 
plates used were all the same, 600 x 600 x 15 mm. 
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(23.6 x 23.6 x 0.59 in.). The second group includes 
studies of welds in various types of structural parts 
used in practice, as for instance welded high-pressure 
tanks, ship plates, steel railway ties, etc. 

The great number of measurements taken led to the 
following conclusions: 


1. That the general opinion that in electrically 
welded plates the seams have lower stresses than in gas- 
welded plates was not confirmed by experiment. In 
most cases electric welds showed rather higher stresses. 

2. Stresses in the direction of the seam are high, 
both in electric and gas welds, and are almost always 
near the yield point. ‘ 
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Fig. 15—Distribution of Internal Stress in Gas-Welded Seam 








3. In electric welds the stresses extend over a nar- 
rower area around the seam than in gas welds, where the 
heated zone is a larger one. 

4. In most cases stresses parallel to the seam are 
higher than at right angles to it. 

5. In electric welds the stresses are higher in con 
tinuous seams than in interrupted ones. 

6. No difference in stresses from using bare or covered 
electrodes was noticed. 

A typical stress distribution of two gas-welded plates 
is shown in Fig. 15. The seam is under high-tension 
stress. The stress drops to zero on both sides, and then 
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changes to compression. The sum of all moments and 
stresses is evidently equal to zero. With electrically 
welded plates the center stress is usually somewhat 
higher. The stress rises quickly to its maximum value 
at the start and the end of the seam, and the zero-stress 
region lies closer to the seam than with gas welds. 

In order to refute the widespread opinion about the 
dangers of initial stresses, it may be said that the initial 
stresses mentioned in the foregoing paragraphs (especially 
in the paragraph on the testing of welds) are not nearly 
as dangerous as might be thought without further ex- 
amination. This is especially true for static loadings, 
because if the yield point is passed at the most highly 


West Gets Largest 
Welded Pipe-Line 


By D. ZINCK 


+ Mr. Zinck is Welding Specialist for the Westinghouse 
Elec. & Mfg. Co., Los Angeles. 


OUQUET Dam is being connected with the Owens 
Valley Aqueduct by what is said to be the largest 
welded pipe-line in the west with a diameter 

ranging from 80 in., 86 in. and 94 in. depending upon 
elevation. The 80-in. diameter has a thickness of 
1'/s in., the 86 in. is 1 in. while the 94 in. is */s in. 
Length of the line is 4'/, miles and will connect the 





Fig. 1—Straddle Bug with 12-Ton Section of Pipe Being Lowered Down 
Mountain Side with Hoist 
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stressed point, the metal starts to creep locally at this 
point, and the load then distributes itself more evenly 
over the cross section. Under repeated overloadings, 
the stress distribution in the whole structure approaches 
more and more the stress distribution which would 
exist without initial stresses. However, this is only 
true if the material used is ductile. Hence, the most 
important requirement for weld material is a very high 
ductility. For repeated or variable loading, the presence 
of initial stresses is of no great importance, although the 
initial stresses may well reduce the factor of safety. 
In cases of impact loading the presence of initial stresses 
is extremely undesirable. 


new dam with that of the aqueduct at the surge changer 
above the San Francisquito Power House No. 1. Water 
will flow either into or out of the dam as occasion de 
mands. 

The country traversed by this pipe-line is across 
steep canyons and at one point the pipe-line will have 
a total head of 820 ft. which will make a pressure of 
almost 400 Ib. to the square inch. 





Fig. 2—Four Welders on East Side of Canyon 
Showing the Opposite Canyon Side Where the 
Slope Reaches a 76 Per Cent Grade 


Ten arc welders were purchased for this job, which 
is being carried forward by three shifts of welders 
each working 8 hrs. per day. It requires 32 man-hours 
to weld the outside of each joint and 24 hrs. on the 
inside. 

Length of each section of pipe varies to give a weight 
of 12 tons per section. After cleaning and painting 
the pipe is hauled up the canyon sides and placed into 
a specially designed ‘‘straddle bug’’ which is lowered 
down the canyon sides by a hoist. 
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In specimens 3A and 3B a groove */\ in. deep was cut 
entirely across the flange of the beam. The area of 
cross-section cut was 0.55 sq. in. Specimens 4A, 4B 
and 4C were not cut or welded, being intended for com- 


Repair of Steel Beams __ pais. 


The cuts and grooves had sloping sides to insure full 
w : . 
W penetration of the weld metal. The welding was done 
by Are elding with a bare steel electrode */3. in. in diameter and a cur- 
rent of 150 amperes. After the welding had been done, 
the area welded was planed to remove excess weld metal. 


By O. M. HARRELSON and SEARCY B. SLACK Figures 1 and 2 show the beams cut ready for welding 
and after welding but before planing off the excess weld 


+ O. M. Harrelson is Assistant Professor of Mechanical metal. . ? 

Engineering, Georgia School of Technology. Atlanta, Ga. The various cuts made in the flanges of the beams re- 
Searcy B. Slack is Consulting Structural Engineer, De- ° “ ° 

entun, Ga. duced the moment of inertia of the section at the center 


Fig. 1—Cuts Made in Flanges of I-Beams before Welding 


CCASIONALLY in handling steel beams one of 
the flanges may be kinked or cracked, and in the 
rolling of beams a bad area, or sliver, may show 
up in the flanges. To repair damage, or defects, of this 
kind electric welding has been used, but a question has 
frequently been raised as to the effectiveness of the re- 
pairs and as to the elastic properties of the beam after re- 
pair. The point is made that, due to contraction, the 
weld metal might not work with the original metal in the 
undamaged part of the beam. 
Tests of the elastic properties of beams partially cut 
and repaired by welding have been made in the welding 
laboratory of the Georgia School of Technology. 


Test Specimens 


The beams to be tested were 3-ft. lengths of standard 
5-in. I-beams weighing 10 Ib. per ft., all cut from the 
same length of beam. The weight was carefully checked 
and found to be 9.93 Ib. per ft., or 0.7 per cent lighter 
than nominal weight. 

After cutting to length a short section of the bottom 
flange near each end of each beam was planed true to give 
full bearing on the supporting rollers in the testing ma- 
chine. 

In specimen 1A and 1B, a cut was made from the 
center of the beam through one half of the flange. The 
area of cross-section cut was 0.50 sq. in. In specimens 
2A and 2B an area 2 in. long by 2'/s in. wide and '/, in. 
deep was milled out of the center of the flange. The 
area of cross section cut by the milling was 0.51 sq. in. Fig. 2—Welds Made Reparing Cuts before Planing 














Strain and Deflection Measurements on Steel Beams 


Number of Specimen 











Repaired Beams — —Uncut Beams-——— 
1A 1B 2A 2B 3A 3B 4A 4B 4c 
Area Area 
Senn.” B2s2z*/,’ Groove Groove 
Description Half Half Milled Milled Cut in Cut in 
Top Bottom Out of Out of Top Bottom No No No 
Flange Flange Top Bottom Flange Flange Cuts Cuts Cuts 
Cut and Cut and Flange Flange and and or or or 
Welded Welded Welded Welded Welded Welded Welds Welds Welds 
Load in Lb. Stress in Pounds per Square Inch in Bottom Flange at Center 
6,000 7,050 6,840 7,260 7,080 6,450 7,410 6,810 7,350 7,380 
12,000 13,920 14,220 13,950 13,860 13,560 14,610 13,500 14,160 14,280 
18,000 21,210 20,850 20,910 21,000 20,550 21,510 20,550 21,000 21,510 
Deflection at the Center of Beam in Thousandths of an Inch 
6,000 19.2 18.7 18.7 19.0 19.4 19.5 19.6 20.0 19.5 
12,000 36.0 35.7 35.6 35.7 36.6 37.2 36.5 37.5 37.4 
18,000 §2.7 52.2 52.0 52.7 52.2 54.0 53.2 54.2 54.0 
Note: The computed stresses for the loads are as follows: 
Load 6,000 Stress 7,150 
12,000 14,300 


18,000 21,450 
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from 12.1 to 8.6, or by about 30%. With this large re- 
duction, if the weld metal did not work with the original 
metal, there would be a decided difference in the re- 
paired beams and the uncut beams. 


Measurements and Tests 


In the set-up used for testing the beams they were sup- 
ported on rollers 34 in. apart resting on the bed of the 
testing machine. On the top flange of the beam, 5 in. 
on each side of the center, two short lengths of round bar 
were placed. The load was applied by the head of the 
machine through these round bars. The two-point 
loading was used to secure uniform moment in the cen- 
tral 10 in. of the beam where the strain measurements 
were made. 

Deflections of the beams were measured by a measur- 
ing dial placed between the center of the bottom flanges 
and the bed of the testing machine. Strain measure- 
ments in the central 10 in. of the beam were made with 
a Whittemore strain gage, between points in each edge 
of the bottom flanges. To take up inequalities of bear- 
ings in the equipment, an initial load of 1000 lb. was 
applied and the test loads were added to this initial load. 
Each load was repeated four times and the readings were 
averaged. There was no noticeable change in the strain 
measurements, or deflections, due to the repeated load- 
ings. 

Results 


For the sake of clearness in presenting the results the 
strain measurements have been changed to stresses in 
lb. per sq. in., using a modulus of elasticity of 30,000,000 
for the steel. As there was an initial load of 1000 Ib., the 
true would be 1240 Ib. sq. in. more than the values shown 
in the table for comparison. 

In beams 1A, 2A and 3A the flange repaired by welding 
was in compression, while in 1B, 2B and 3B it was in 
tension. Beams 4A, 4B and 4C were not cut or welded 
and are intended for comparision. 


Conclusion 


These tests indicate that beams can be repaired by 
welding without affecting their elastic properties or 
strength below the elastic limit. 
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Oxyacetylene Welding. Modern Oxy-Acetylene Production 
Welding, C. Helsby. Sheet Metal Industries (Jan. 1934), vol. 8, 
no. 81, pp. 51-53. 

Penstocks, Fabrication of. Welding (April 1934), vol. 5, no. 4, 
pp. 158-162 and 164-165. 

Petroleum Pipe Lines. Innovation in Pipe Line Welding. 
Welding (May 1934), vol. 5, no. 5, pp. 211-212. Practice of H. C 
Price, Inc., Bartlesville, Okla. in laying 600 mi. of pipe in 1933 

Petroleum Pipe Lines. Safe Welding Repair of Crude Oil 
Pipe Line. Oil Weekly (Apr. 2, 1934), vol. 73, no. 3, pp. 26 and 28 
Brief description of occurence of fire and hazard to welding crew, 
while welding 4-in. nipple on 8-in. crude oil line; suggestions 
submitted by R. E. Donovan and H. J. Hanlon, respectively, to 
Accident Prevention Department of American Petroleum Insti 
tute, for prevention of such accidents. 

Pipe Steel. Tentative Specifications for Forge-Welded Steel 
Pipe (A136-32T). Am. Soc. Testing Matls—Am. Tentative 
Standard 1934, 5 pp. 

Pipe, Steel. Tentative Specifications for Electric-Fusion- 
Welded Steel Pipe (sizes 8 in. to but not including 30 in.) (A139- 
32T.) Am. Soc. Testing Matls—Am. Tentative Standard 1934, 
6 pp. 

Pipe, Wrought Iron. Standard Specifications for Welded 
Wrought Iron Pipe (A72-33). Am. Soc. Testing Matls.—Am 
Standard 1934, 5 pp. 

Railroad Maintenance of Way. Things to Consider in Selecting 
Electric Welding Equipment, A. M. Candy. Ry. Elec. Engr 
(June 1934), vol. 25, no. 6, pp. 121-124 and 128. Capacity, 
efficiency, operating characteristics and weight must meet service 
requirements; principles of current control described. 

Rail End Welding Reaches High Peak on Chesapeake & Ohio 
Ry. Eng. & Maintenance (June 1934), vol. 30, no. 6, pp. 318-323 
Improvement in quality of work and reduction in costs as output 
is increased; heat treatment of welds to increase resistance wear 

Stainless Steel. Current Shop Welding Practice, J. C. Holm- 
berg. Iron Age (Feb. 15, 1934), vol. 133, no. 7, pp. 31-34. Out- 
line of welding technique for difficult rustless irons and steels 

Stainless Steel. Welding of Stainless and Clad Steels, E. V 
Schuler. Welding (May 1934), vol. 5, no. 5, pp. 193-194. Dis 
cussion of composition of plates and electrodes; welding technique 

Steel Structures. British Standard Specification for Metal Arc 
Welding as Applied to Steel Structures. Brit. Standards Instn 
Standard Specification No. 538, 1934, 18 pp. 

Steel Structures. Second Report of Steel Structures Research 
Committee. (Great Britain) Dept. Sci. & Indus. Research—Re- 
port. London, His Majesty’s Stationery Office 1934, 369 pp., figs., 
diagrs., charts, tables. 7s 6d. Report includes following papers: 
Progress of Research in Steel Structures, R. E. Stradling; Effective 
Length of Pillar Forming Part of Continuous Member in Building 
Frame, J. F. Baker; Observed Stresses in Steel Frame Structure at 
Museum of Practical Geology, South Kensington, O. Faber; 
Stress Analysis of Steel Building Frames, J. F. Baker; Stress Dis- 
tribution in Number of Three-Story Steel Building Frames, J. F 
Baker; Preliminary Investigation of Test Procedure, G. A. Han- 
kins and G. W. Allan; Progress Report on Mechanical Tests of 
Electrodes, G. A. Hankins; Fatigue Experiments on Weld Metal 
and Welded Joints, G. A. Hankins and P. L. Thorpe; Non-Destruc 
tive Methods of Testing Welded Joints, C. E. Webb and L. H 
Ford. 

Structural Steel. Good Welding Essentials, A. L. Cummings 
Inspection (April 1934), vol. 5, no. 2, pp. xv—xxii (comment) xxii 
xxiv. Detection of defects; warnings against wrong practice in - 
electric arc welding; method of calculating strength of joint 

Structural Steel. Technical and Economic Execution of 
Welded Steel Structures, E. H. H. Schmuckler. Sheet Metal 
Industries (May 1934), vol. 8, no. 85, pp. 307-310. Cost of differ 
ent types of weld; tests of butt welding; permissible stresses in 
welds; methods of testing. See also Iron & Steel Industry (April 
1934), vol. 7, no. 7, pp. 235-236. 

Swimming Pools. Arc Welded Swimming Pool, E. A. Hobart 
Welding (Apr. 1934), vol. 5, no. 4, pp. 172-173 and 177. Details 
of methods used in construction of welded swimming pool, green 
house and accessories. 

Testing. Non-Destructive Methods of Testing Welds, J. W 
Donaldson. Sheet Metal Industries (May 1934), vol. 8, no. 85, 
pp. 311-312. 

Water Pipe Lines. Constructing Bouquet Canyon Pipe Line, 
H. A. Van Norman. Civ. Eng. (N. Y.) (June 1934), vol. 4, no. 6, 
pp. 306-310. Construction of arc-welded pipe-line, 7 to & ft. in 
diam., 3'/. mi. long, including one inverted siphon, with static 
head of 870 ft., in very steep and irregular topography; details 
of welded joints; anchors and piers; field welding procedure; 
fabrication of steel pipe; pipe coatings; field surveys 
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TENTATIVE PROGRAM 
FOURTEENTH FALL MEETING 
AMERICAN WELDING SOCIETY 
OCTOBER 1-5, 1934 
Hotel New Yorker, New York 





Important Notice 


Members and guests are requested to register immediately 
upon arrival, Hotel New Yorker, as admission to Exposition 
and participation in social events and inspection trips will 
be by badge only. 

Upon registering you will be furnished with copy of the 
Journal containing papers to be presented at the technical 
sessions. The supply of Journals is limited, one to each 
registrant, and on this account you are urged to retain your 
copy throughout the meeting. 

Technical sessions and committee meetings will be held at 
the Hotel New Yorker. 

All sessions will start promptly as scheduled. 

There will be no stenotype reporter. Members of the 
Society desiring to discuss papers are urgently requested 
to prepare their discussion in writing in advance of the 
meeting and to send copies to headquarters as those prepar- 
ing written discussion will be given preference at the 
sessions. Members and guests giving extemporaneous dis- 
cussion at meetings should forward a written transcript of 
their discussion as soon after the meeting as possible. 











Monday, October Ist 
Morning 


REGISTRATION 


Facilities will be provided throughout the week from 9:30 A.M. 
to 5:00 P.M., commencing Monday, October Ist. 


Afternoon 


OPENING SESSION 
Introduction of President 
Welding Society—S. 5S. 
New York Section. 


1:45 P.M. of the American 


Scott, Chairman, 
Address of welcome by Dr. D. S. Jacobus. 


2:00 P.M. Presentation of Miller Memorial Medal Award. 


TECHNICAL SESSION 


2:30 P.M. 


A popular lecture on “Steel in Residence Construction,”’ by F. T. 
Llewellyn, U.S. Steel Corporation. 

“Use of Polarized Light as Applied to Welding Products,’’ by 
E. W. P. Smith, Lincoln Electric Company. 

“Impact Resistance of Welded Joints,”’ by W. Spraragen, Secre- 
tary, American Bureau of Welding. 


Presiding Officer—D. S. Jacobus, President. 


Evening 


Dinner Meeting, Board of Directors, Hotel New 
Yorker. 


6:30 P.M. 








Tuesday, October 2nd 
Morning 
TECHNICAL SESSION 


Presiding Officer—Leon S. Moisseiff, Chairman, 
Structural Steel Welding Committee. 

“A Critical Examination of Welded Pipe Materials,’’ by D. H. 
Corey, Engineer, Detroit Edison Company, and A. E. White, 
Director, University of Michigan. 

“Investigation of Welded Seat Angle Connections.”’ by Inge Lyse 
and N. G. Schreiner, Fritz Engineering Laboratory, Lehigh 
University. 

“‘Photo-Elastic Studies of Seat Angle Problems,” by Inge Lyse, 
and Douglas M. Stewart, Fritz Engineering Lab., Lehigh Uni- 
versity. 

“‘Welding in Engineering Education,” 
Massachusetts Institute of Technology. 


9:45 A.M, 


by J. H. Zimmerman, 


Afternoon 
TECHNICAL SESSION 


2:00 P.M. Presiding Officer—C. A. Adams, Director, Ameri- 


can Bureau of Welding. 


FUNDAMENTAL RESEARCH IN WELDING 


“Effect of Peening on Physical Properties of Welds and Stress 
Relief,’ by O. M. Harrelson, Georgia School of Technology. 
“Note on the Fatigue Testing of Welds,’’ by J. H. Zimmerman, 
Massachusetts Institute of Technology. 

“Some Tests of Thermit Welds,’’ by Percy Hodge, Stevens Insti- 
tute of Technology. 

‘‘Welding of Cast Iron,’’ by John A. Needy, Dean, Ohio Northern 
University. 

“Residual Welding Stresses,”’ by R. E. Jamieson, McGill Uni- 
versity. 

“‘Welding of Cromansil Steel,’’ by H. M. Boylston, Case School of 
Applied Science. 


Evening 


Hotel New Yorker. Conference and meeting of 
Fundamental Research Committee, American 
Bureau of Welding—H. M. Hobart, Chairman, 
presiding. 

This conference is scheduled for the benefit of university research 
workers in the fundamentals of welding. 


7:30 P.M. 


Wednesday, October 3rd 
Morning 


TECHNICAL SESSION 


Presiding Officer—J. J. Crowe, 

President. 

“Silver Solders and Fluxes,” by R. H. Leach, Handy & Harman 
Company. 

‘Metal Spraying,’”’ by E. V. David, Air Reduction Sales Company 

“Hard Facing,” by B. E. Field, Chief Met. Eng., Haynes Stellite 
Company. 

“Flame Machining,” by representative The Linde Air Products 
Company. 


9:15 A.M. Senior Vice- 


Afternoon 
2:00 P.M. Presiding Officer—A.G. Oehler, Past-President, 
A. W. S. 


RAILROAD SESSION 


“Track Maintenance,” by I. H. Schram, Engineer, Maintenance 
of Way, Erie Railroad. , 
“Welded Rail Joints in Main Line Track,” by H. S. Clarke, Engr 
Maintenance of Way, Delaware & Hudson Railroad. : 

“Technical Phases of Application of Welding in Hi-Tensile D: 
vision of E. G. Budd Manufacturing Company,” by M. 8 
Butler. : 
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Thursday, October 4th 


Morning 


TECHNICAL SESSION 


9:45 A.M. Presiding Officer— 


“A Study of Alternating Current Arc Welding Circuit Character- 
istics,’”” by A. M. Candy, Westinghouse Elec. & Mfg. Company. 
“Automatic A. C. Arc Welding Class I Pressure Vessels,’’ by O. A. 


Tilton, General Electric Company.. 


“Shipbuilding,” by E. D. Debes, Bethlehem Shipbuilding Com 
pany, Fore River Plant, and H. W. Pierce, New York Ship 


building Co. 


“Structural Welding,’’ by G. D. Fish, Westinghouse Elec. & Mfg 


Co. 
“Pipe Welding,’ by Dr. S. Lewis Land, Heating and Piping Con 


Testing Bureau. 


“Impact Resistance of Some Steels and Welds at Sub-Zero Tem- 
peratures,’’ by R. K. Hopkins, M. W. Kellogg Company. 


“Flame Cutting,” by Bradley Stoughton, Lehigh University. 


Afternoon 


2:00 P.M. Presiding Officer—Marshall Williams, Assistant 
to President, American Bridge Company. 


SYMPOSIUM ON QUALIFYING OPERATORS OF WELDING 
EQUIPMENT AND EXPENSES INCURRED THEREIN 


“Boiler Welding,’”’ by W. D. Halsey, Hartford Steam Boiler Insp. & 
Insurance Company, and Alexander Kidd, M. W. Kellogg Co. 


Proposed Revisions in Building 
Code 

The most important changes to the 1930 

edition of the Code for Fusion Welding and 


Gas Cutting in Building Construction now 
contemplated consist of the following: 


1. Incorporation of a specific qualifica- 
tion test for operators of welding 
equipment. 

2. Recognition of the new specifica- 
tions for filler metal from the Re- 
port of Committee on Welding Wire 
Specifications of the American 
Bureau of Welding recently adopted 
by the AMERICAN WELDING SoclI- 
ETY. 

3. Adoption of appendix on weiding 
procedure or specifications for weld- 
ing by fusion welding processes em- 
bracing the current practices for 
both gas and arc welding. 

4. Inclusion of an appendix setting 
forth standard weld symbols and 
notations. 


The Section on stresses is scheduled for 
modification to permit 18,000 Ib. per sq. 
in. compressive crushing stress through 
the throat section of butt welds. The 
former compression stress allowance of 
15,000 Ib. per sq. in. is scheduled to be 
omitted, it being argued that the building 
codes of our various cities and municipali- 
ties in this country, to which our Code 
attaches or becomes a part, properly pro- 
vide for the normal stresses in compression 
in structural forms and that, from a stand- 
point of welding, there is no need for fur- 
ther restrictions. 

As regards the new filler metal specifica- 
tions, the new clause proposed reads as 
follows: 

“The filler metal (electrodes or welding 
rods) shall conform to all general require- 
ments, and to all special requirements for 
at least one of the four classifications of 
filler metal provided by Bulletin No. 2 
(revised, 1933) of the American Bureau of 
Welding, Tentative Specifications for 
Filler Metal, for use in fusion welding. 

“Electrodes may be bare wire or flux- 
coated wire. Electrodes larger than */\¢ 


tractors National Association. 
“Testing of Welders,”’ by J. W. Owens, Director, National Weld 


Evening 


7:00 P.M. Annual Banquet—Stag Affair, Hotel New Yorker. 


Friday, October 5th 


INSPECTION TRIPS 


Details will be announced later. 





in. shall not be used except for downward 
(flat) positions of welding.”’ 

As to qualification test of welding opera- 
tors, the subcommittee on Revision has 
recommended a single lap-welded speci- 
men similar to specimens of the 1930 
series given in the Report of the Struc- 
tural Steel Welding Committee under 
American Bureau of Welding, September 
1931. The grip bar and cover bars are 
3 in. wide and */, in. and */s in. thick, 
respectively. The requirement is that 
the operator shall make two specimens 
in the downward or flat position and two in 
the vertical position, and further, in case 
the operator is called upon to do overhead 
welding, he shall be required to make two 
specimens in the overhead position. 
These specimens are to be pulled to de- 
struction and shall develop an ultimate 
strength of not less than 80,000 Ib. 

In addition to these changes, the several 
Sections of the Code are further re- 
written to strengthen their purpose and 
intent and to more fully define the quality 
of workmanship and general applications 
considered as representative of good 
practice in the field of structural welding 
at the present time. 

The work of the Subcommittee on Re- 
vision is quite well advanced and it is ex- 
pected that this second tentative revised 
draft will go before the main committee 
for approval within the next six to eight 
weeks. I assure you that it will be a 
pleasure to send you any approved matter 
on this subject which comes to hand, and 
it is trusted that the delay attending this 
response to you has not suffered you any 
inconvenience. 

H. H. Moss, Chairman 

Committee on Building Codes, A. W. S. 


Gas Welding 
Corrosion-Resisting Steels 


With the rapidly increasing use of cor- 
rosion-resisting alloy steels has come the 
problem of fabricating these alloys by 
modern methods, one of the most impor- 
tant of which is the oxyacetylene welding 


LADIES ENTERTAINMENT 


A number of important events for the ladies are being prepared 
These will be announced at a later date. 


process. Extensive research has been 
carried out on the subject in recent years 
not only by the makers of these steels but 
by the oxyacetylene industry. Recom 
mended practices for oxwelding corrosion 
resisting steels, based on the comprehensive 
investigations of Union Carbide and Car 
bon Research Laboratories, Inc., are given 
in a booklet, 8'/, x 11 in., 8 pp. ill., pub 
lished by The Linde Air Products Com- 
pany. The currently used chromium 
steels have certain idiosyncrasies depend 
ing on the varying proportions in the steel 
not only of chromium but of other alloy 
ing agents which affect the material's 
weldability. For this reason in this book 
let the stainless steels are divided into 
eight groups, each group having similar 
welding properties 

For each group there is a detailed dis 
cussion on welding procedures as well as 
treatment before and after welding wher: 
this is necessary. 

Stainless steels and irons can be properly 
and satisfactorily welded by the oxyacety 
lene process in accordance with the out 
lined procedures. Full advantage should 
be taken of this opportunity for learning 
the latest methods, and engineers, execu 
tives, welding shop superintendents, as 
well as contract welding shop proprietors, 
will find much of value in the booklet 


United States Civil Service 
Examinations 


The United States Civil Service Com 
mission announces the following-named 
open-competitive examinations 


Chief Engineering Draftsman 
Principal Engineering Draftsman 
Senior Engineering Draftsman 
Engineering Draftsman 

(For Work on Ships) 


Applications for the positions of Chief 
Engineering Draftsman, Principal Engi 
neering Draftsman, Senior Engineering 
Draftsman and Engineering Draftsman, 
for work on ships, must be on file with 
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the U. S. Civil Service Commission at 
Washington, D. C., not later than August 
8, 1934. 

The entrance salaries range from $1800 
to $2600 a year, subject to a deduction 
of not to exceed 5 per cent during the 
fiscal year ending June 30, 1935, as a 
measure of economy, and also to a de- 
duction of 3'/, per cent toward a retire- 
ment annuity. 

Optional branches are: 1, ship piping; 
2, ship ventilation; 3, marine engines 
and boilers; and 4, electrical (ship). 

Competitors will be rated on drawing, 
lettering, and practical questions, and 
on their education and experience. 

Full information may be obtained from 
the Secretary of the United States Civil 
Service Board of Examiners at the post- 
office or customhouse in any city, or 
from the United States Civil Service 
Commission, Washington, D. C. 


Membership Certificate 


On recommendation of the Membership 
Committee, the Executive Committee 
recently authorized the preparation of a 
Membership Certificate. The Member- 
ship Committee had in mind that if such 
a Certificate was hung in the office of our 
prominent members it might help to make 
the Society better known. The Certifi- 
cate will be engraved on white imitation 
parchment vellum, size 9 in. x 12 in. 
suitable for framing. The name and 
grade of membership will be engrossed 
and the Certificate will be signed by the 
President and Secretary. 

The Society would appreciate the 
prompt cooperation of all of the prominent 
niembers by obtaining one of these Certifi- 
cates at once. (Price $1.00.) 


Year Book 


The AMERICAN WELDING Society will 
publish as its August issue a Year Book of 
the Society. This book will contain, 
among other things, a complete descrip- 
tion of the Society activities, its aims and 
purposes, reports of important standing 
committees, reports of the activities of 
the research department (American Bu- 
reau of Welding), by-laws of the Society 
and the Bureau, an alphabetical and 
geographical list of the Sustaining Com- 
panies, and an advertising section. 

Prospective new members are urged to 
join at once in order that their names 
might be included in the Year Book. 
Delinquent members are requested to 
moxe payment of their dues at an early 
date. 


A Lecture on Welding 


The Society has available an interesting 
set of slides and descriptive matter show- 
ing welding applications, which were com- 
piled by Dr. James Lee, Managing Editor 
of Chemical and Metallurgical Engineering. 
These slides and cards are available for 
lectures on welding. Applications for the 
use of them should be made to the Secre- 
tary of the Society. 


Obituary 


It is with great regret that we must 
announce the death of Kenneth Burton 
Mackenzie which occurred on June 22nd. 

Kenneth Burton Mackenzie, Secretary 
of the Chicago Section of the AMERICAN 
WELpING Society and Secretary of The 
Welding Engineer Publishing Company, 
passed away on June 22nd. He was the 
son of the late Louis B. Mackenzie, 
founder of The Welding Engineer. His 
education was received at the University 
of Alabama and the University of Chicago, 
where he gained renown in athletics, 
particularly football. He had served one 
term as Secretary of the Chicago Section 
of the AMERICAN WELDING SocreTy and 
shortly before his death had been re- 
elected to the same position. 


Russian Welding Engineers Visit 
This Country 


At the present time Mr. M. V. Pop- 
lavko, President of the Society of Welding 
Engineers of U. S. S. R., is on a trip 
through the United States for the purpose 
of studying recent developments in the 
art of welding in the U. S. A. Accom- 
panying him is Mr. I. Kachanov, Di- 


rector of Research. These Russian En- 
gineers are making a particular study of 
electrodes and alioy steel welding. Mem- 
bers of the Society or companies desiring 
to contact with these Russian Engineers 
should communicate with Mr. S. J. 
Koshkin, Room 804, Engineering Societies 
Building, 29 West 39th Street, New York 
City. 


Metal Congress Exposition 


In connection with the Fall Meeting 
of the Society there will be held a Metal 
Congress Exposition at the Port of Au- 
thority Building, Eighth Avenue and 15th 
Street, New York, N. Y. Space already 
sold indicates that this is to be one of the 
largest expositions of welding in the his- 
tory of the welding industry. 


Welding Research 


As will be seen from the Tentative Fall 
Meeting program printed elsewhere in this 
JOURNAL, an unusual feature of the pro- 
gram will be a day which will be devoted 
to a series of papers giving the results of 
investigational work on all phases of 
welding in a number of universities of this 
country. 








SECTION ACTIVITIES 








LOS ANGELES 


The June meeting of the Los Angeles 
Section was held on the 21st. Mr. O. H. 
Kurlfinke, Chief Boiler Engineer of the 
Southern Pacific Lines, presented a 
comprehensive paper on “Welding as 
Adapted to Railroad Boiler and Tank 
Construction.” Mr. Frank Howard, 
Chairman of Committee on Welders, 
Qualifications, presented ‘“‘The Qualifica- 
tion of Welders Code,’”’ which was illus- 
trated by slides of tests made to sub- 
stantiate the Code. 


NORTHERN NEW YORK 


The annual meeting of the Northern 
New York Section was held on May 24th 
at the G. E. Works, Pittsfield, Mass. 
At 2:00 P.M. there was an inspection trip 
through the G. E. Works; at 6:00 P.M. 
dinner and at 8:00 P.M. a meeting in the 
G. E. Auditorium. Mr. R. W. Clark of 
the General Electric Company presented 
a talk on “‘Welding Qualification Tests.”’ 

The following Officers for the current 
year have been elected by the Northern 
New York Section: 


Chairman—L. R. Leveen 

Ist Vice-Chairman—M. Unger 

2nd Vice-Chairman—R. L. Browne 

Secretary-Treasurer—R. W. Clark 

Two Directors for three years—W. F. 
Hess, E. J. Edwards j 

Director at Large (Section Representa- 


tive on Board of Directors)—R. T. 
Gillette 


CLEVELAND 


The following Officers of the Cleveland 
Section were elected for the ensuing year: 

Chairman—A. E. Gibson 

First Vice-President— Robert E. Kinkaid 

Second Vice-President—N. J. Carbis 

Secretary-Treasurer—Edw. T. Scott 


SAN FRANCISCO 


A very successful meeting with about 
three hundred present was held on June 
15th in the auditorium of the Pacific 
Gas & Electric Company, San Francisco. 
Mr. D. P. Vail, Manager of the Los 
Angeles Office of the Babcock & Wilcox 
Company presented numerous lantern 
slides, 3 reels of film covering the Boulder 
Dam and 2 reels of film showing the 
Babcock & Wilcox Shops and pipe fabri- 
cating operations. 


NEW YORK 


The opening session of the 1934-1935 
season will be held on September 25th. 
The welding of copper and its alloys will 
be featured by a series of papers and an 
exposition of welded products. The meet- 
ing will be in direct charge of Mr. E. 
Vom Steeg, who is arranging for the 
speakers. Special refreshments will be 
served on this occasion. 
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